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LATRODUCTION 


With the exceptions of arctic, snaterctic, end desert 
regions my riapeds are distributed over all of the lend areas 
of the earth. They usually inhsebit dark, moist niches in almost 
every éeooaying log, every heap of leaf litter or pile of stones, 
and many cultiveteé fields. Sueh hebitets provide two require- 
nents which sll myriapods have in common, protection from desic- 
eation anc a source of food. 

in the past myrlepods were generally regarded as of iittle 
er no sconomic importence, and zoologista confinec their studies 
of thes largely to morphclogicel detalls of museum specimens. 
Bith the rise of ecology as a well defined branch of sociol;, 
interest has shifted somewhat from ¢eseriptive morphology to 
living ocrgsniens. Considered from such a viewpoint, wyriapods 
are not isolated specimens but members of complex soil com- 
munities in which many interacting forces are at work. Many 
apecies are importent econcmleally because of the part that they 
pley in soil formation by helping transfors dead leaves into. 
humus. 

This study is « contribution toward an understanding of 
certain aspects of the ecology and taxonomy of the uyriepods 


ef North Cerolius. wtihether ecology be defined as the science 
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3 
of communities (Shelford 1929) or as the science of reletion- 
ships of orgeniams to envirenment (Haeckel 1568), myriapods are 
excellent materiel for ecclogical studies. There are many in- 
teresting problems concerning their distribution, renges of 
toleration, habitats, reproduction, feeding, and behavior. 

I have employed the following methods in investigating the 
ecology and taxonomy of Worth Carolina myriapods: (1) collections 
were meade in representative sections of North Geroline in order 
to determine the distribution of species; (2) e quedreat study was 
made of the distribution of myriapods in the orincipsal plant- 
cover types in the Duke Forest; (3S) specimens of several species 
were observed over e period of several months in cultures in the 
Duke Forest; (4) the desiceation of specimens of several species 
under varied hucidities was determined; and (5) a study was made 


of the life history end habits of a representative millipede, 


Orthomorpha gracilis. 
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REVIEW OF LITERATURE 
A Historical Survey of the Classification of Myriapods 


For many centuries myriapods vere designated, along with 
other sxeall, ereeping, legged animals, as Insecta. writers 
from aristotle to Linné referred to all myriapods as either 
Julus (#Diplonpodsa) or Seolopendra («Chilopeda). <Aldrovaendus 
(1602) desianateé them as Terrestrie Aptere Multipedea and showed 
woodcuts of some (Wilson and Doner 1937). In the first edition 
of Systema Naturae Linné (1735) referred nmyriapods, without spe- 
cific names, to Ordo Insecte Aaptera. The myriapods shich were 
listed in the thirteenth edition of Systeme Heturae (1806) were 
fourteen species of the genus dulus and thirteen species of the 
genus Scolopendra. One of theee Scolopenidrse is the annelié 


now known as Nereis mariena and another is a millipede. 


After zoclogists began making careful conperative ane- 
tomical studies in the late eighteenth century, old unnatural 
animal groups were slowly abandoned in favor of those thet seemed 
to be more netureal. Laetzel (1960) summarized the various ideas 
concerning the relationships of myriapods and other animels as 
follows: “Nach Linné‘s Vorgeng sehen wir sie im vorigen Jebr-~ 
hunéert und gu Beginn dleses Jahrhunderts wit Fichen, Lausen, 


ungeflugelten Wenzen, Springschwénzen, Zuchergaésten, Scorpionen, 
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5 
Spinnen, Zecken, Asseln, Krebsen u.8.. in cerselben Ordnung 
oder Klssse vereinigt.” The present conception that myriapods 
represent four weli defined clesses of the Phylum arthropoda wes 
reached late in the nineteenth century. : 

Letreille first used the name Xyriapoda in 1796; he desig- 
netecd the group as 6a order of Insecta and in it included present 
day terrestrial isopods and myrispods. In 1832 he raised Myria- 
pode to the renk of class, but there had been many changes 
suggested by others before then. 

In 1800 Cuvier divided the heterogeneous group long known 
&S Insecta inte the classes Insecta and Grusteacee; he included 
myriapotés as on créer in the former group. The following year 
Lamarck (1801) unfortunately included the present dey srachnide 
ané myriapods tegether in his Glass Arachnida. They sere sepa- 
rated by Leach (1814), who made Class Myriepoda equivalent to 
the three earlier established Clesses Insecta, Crustacea, and 
Srachnida. Class Kyriepoda was not generally recognized until 
1857; even Leach himseif gave it up and grouped the nyriapods 
with crustaceans (Attems 1926). | 

None of the four distinet groups of myrispods were sciea- 
tificelly recognized until 1602 when Latreilie divided his Sub- 
class Nyriepoda into Grder Chilogmathe (eDiplopoda) and Order 
Syngnetha (eChilopoda}). ecognition of the other two groups 
of myriepodis came much more slowly. The genus Scolopendrelle, 
known sinos 1761, was placed by most writers with the Chilopode 
(Gervais 1644, Newport 1845), by e few with the Chilognatha 
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6 
(Wood=Meson 1883), and by some with the Order Thysanura (Packerd 
188l1e, 1883). Rydef. (1860, 168la) designated the group as 
Symphyle and seperated it from insects ean¢é ot ner nyriapods. 
imbbock (1866) described the genus Paurepus and emphasized its 
feclation from previously described myriapods. The Glass lMyria- 
poda was divided (Letzel 1880) into three orders: Chilopoda, 
Symphyle, and Diplopoda, with teterogneathna as a suborder of Dip- 
Lepoda. Later (Latzel 1884) the same Heterognetha was changed 
to Peuropoda, and that group was designeted as the fourth order 
of Class Myriapoda. 

Brandt ({1&4i) separated myriapods on the basis of the posi- 
tion of the epertures of the genital organs inte Opisthogeneata 
ead Progonesata. This division was widely followed (Verhoeff 
1902-1959, Attems 1930), but it nas lately been rejected (Snod- 
grass 1938) as an sil important criterion upon which to base 


relationships in favor of morphology of mouth parts end appendages 


and absence or presences of fused somites, 
The Cuvierian idea of a distinct nyriapod type was described 
(Wood 1869, p.133) as follows: 


iA] typieal myriapodal seguent is formed fron to 
subsegements, each of which is originally ... fur- 
nished with a single pair of appendages. The existent 
myriapodal segments follow two structurel .. . modifi- 
estions of the typical or ideal. ... {In the Chilopoda] 
the anterior subsegment is sc atrophied that it really 
forms no part of the perfected whole. Its appendages 
are entirely lost. .. . (The] posterior subsegment, with 
its sppendeages, is developed to the bighest degres. ... 
in the Diplopoda one subsegment is not thus developed at 
the expense of the other, but, the two coalescing, the 
perfeoted whole is obtained by their mutual growth. 
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7 
Cuvier's idee of fixed types was abendonsed lcosg since in 
favor of the theory of common descent and blood relatiouship of 
ell animals. Two men (Pocock 1887, Kingsley 18983) each came to 
the conclusion that there was no fixed myriepod type, that myris- 
pods 614 not form a naturel group, and that tne possession of 
more then four peirs of legs wes not sufficient basis for groupe 
ing animals together. Pocock (1693, 1897) offered the following 
systec for Arthropoda Tracheatea: 
Progoneata 
Class Pauro pode 
Class Symphyle 
Class Diplopoda 
Gpisthogoneata 


Class Chilopoda 
Glass Insecta 


This divisioca of the old Class Myriapcde has been rather generally 
accepted. Hansen (1950), however, refused to abandon uyriepode, 
ané meintained, from & long study of arthropoé mouth parts that 
the four groups of myriepods are more closely related to each 
otier then many orders of Insecta are. But with mest zcologists 
the name Myriapode has lost taxonomic significance; it remsins 
enly as & convenient term for designating the Chilopoda and 


FProgoneata. 


1. Class Symphyla 


The first symphylan species was described by Sceopoli in 
i761 as 6 member of the genus Seslopendra. The second species 


wes called Geophilus junior by Gerveis in 1836; he recognized 
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8 
it as e distinct genus in 1639 end named it Seclopendrelle. The 
most common and widely distributed species of the group, Seolo- 


pendrelle immeculete, was described by Newport in 1644. He 
ereeted for it a new family, which he put between the Lithoblidae 


and Seolopendridse, anc emphasized the relationship with the for- 
mer. in 1851 Menge pointed cut that Scolopendrella is very much 

like Campodea in cheracter end life habits, so it should be con- 

sidered a transitional genus between the insect family Lepismidae 
end Secolopendridae (Michelbacher 1938). 

Ryder (1890, 1S8laj was the first whe realized that these 
minute animals possessed cheracters distinct encugh for them to 
be put in a separate order; he did not éesignate the class in 
which he believed 1t should be included, but he named the order 
"symphylea, in reference to the singuler combination cf myriapodous, 
insectean, and thysanurous cherecters svhich it represents.” 

Several theories were presented which were concerned vith 
the position of symphylens with regard to other arthropods. Ac- 
corcing to the most wicely secepted cf these theories nyriepods 
end insects vere derived from a symphylan ancestry (Packerd 1873; 
Heese 1856, 16889; Pocock 1895, 1897; Carpenter 1903, 1905; 
Crampten 19168; Calman 1936; Immse 1936). A similar theory was 
thet protosymphlans, which arose froz protomyriapods, geve rise 
to éiplopods, pauropods, symphylans, and hexepods (Snodgrass 
1938). According to s quite different theory, symphylens arose 
from insects and formed a trensition between insects and uyrie- 


pods (Hansen 1597; Silvestri 1901; Tiliyerd 1935). Symphylans 
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9 
were thought by some to be in a suborder of thysanurans (Packerd 
188le), of Eiplopods (Yood-Kascn 1853), between peuropods end 
diplopods (Sehmict 1895), or that they formed a group by then- 
selves (Ryder 1880, Latzel 1854, Packard 1903, and recent writers) 

fhe number of deseribed species of syuphyleans wes only five 
until Hansen (1903) added 19. Bagnall (1913) named at least 21 
Others. The 54 species now known throughout the world represent 
three families and iO or 12 genera (Attems 1926, Kichelbacher 
1938). 

The test general work on the group was written by Verhoeff 
(1934), but he overlooked meny importent publications thet «re 


concerned with economic phases of symphylaus. 


2. Cless Peuropoda 


it is significent thet Sir John Lubteck (1866), who first 
Gescribed the genus Pauropus, resiized the impertanes of this 
newly discovered group. He stated that these enimels “must cere 
tainiy constitute a ate family, Pauropo¢didae, and, i think, even 
a new order, which might be called Paurcpoda.* His veiuable 
paper included descriptions ané figures of two species of Fauro- 
pus, a Gescription cf the youngest larvae, mention ef other | 
lerval forms, and blolegical cbservations. 

As Order Heterogneths this group was regarded for a time «as 
equivalent to Créers Chilognatha and Chilopoda (Humbert and 
Saussure 1672); however, in Latzel's (1850) syoten Pauropede 


ha 
y 
Mi 
y. it 
. ae rd 
7 ea 
) £4). 
. 


i ada tne ten aeas to oliniew Pipa, ail alle 


{ 
‘ “ A he ve | — ge Ps ee we 
| Suto eb a dat FOOT RR pbowt T eiswpesge 
pa i : 
" f yh ~ i hee. 22h 
onion 1 pe Ne pret + ee elo PY eile ut! “ nite cmt ge} 
7 a a, i . a r¢ - : a H 7 % yey * 
paren ddr hy ad ‘ 2 ees rRROW Tk ROS A 
OVE? Yate? Bow bie 2o Bone 2 baw Lege 60)! he. Taree 
u 5 b 7 ea 
fe Haeok os Bae ey Ray Lhersad 20 abboe Obes F aemm 
M a BY ai os is 
biau eich bikow iad sobdecaes Maroc ict we Cake eee 
; : Ooh: ity 
Ai Wy eS iat nye WE ay ghiie’ 4 a ae ee) ae a | Mad un’ > a ey 
; 


i i ) m wis . pe dais rat 7 hy 
ay #.§ é wht . ie (te wei ha i M ‘ ‘ 
J 


‘n 0 vy a 
Tas j q 4 ae a ate 6 ‘ we _% 
i i 
ay ‘ 
o ‘ F 
(i ‘ J 


yi. 
¥ f : 
bat i , . 
: os, ; si ‘ i 
A) & P be 8 
pre ? anf wer eh nw ‘ % 
i ’ tak a Pek 
ey 5 oe #y y wr ; 
\ at 
- +) Soap A ih ec 
“Zee CRI - oF iL pty 'ta e's 
hat 
nt : h Mea” j i Te oe é é v ; 
Zz + * “ , - 2 ay ‘ 
‘ 


ee a 
¢ 


wire Fo nedscon  gavagd 0 age 1s ee A I 1a ior 


oF , bi 


o NS As iiabaeaye We Pe DO Te Oe eect 


Sy th Seyi S tein Oi) aan stp mae 8 tam 
| fips ei cai “Pritt & iB ge mea say (tg onaens oF anol awe 
“ a. £ pir 7 } eho a aie 
J peocnie | ryt, hae} bers vt. Hae nauk SOL, 


} 
; + ; 1 
aad vy « , =A aif: Pe f oy 


10 


appeared in the following position: 


Class liyriepoda 
Order 1. Chilopode 
Order 2. Symphyle 
Order 3. Liplopode 
Suborder 1. Chilognathe 
Suborder &. Colobognatha 
Suborder 3. Heterognathe (2#Pauropoda) 
Order 4. Malaecopoda (Family Peripatideae) 


Later (Latzel 1854) the name Heterognetha was changed to Pauro- 
pode; that group was desigeted ase the fourth order of Class 
Wyriapoda, and two families, rauropoda sgilia and FPauropode tar- 
Gigrada, were specified... 

Monopoda (=Pauropoda) and Diplopode constituted the only 
subclasses of Class Kyriapoda in Bollman's (1893) system. Like 
Lubbock, this author considered the genera Pauropus and rolyxenus 
to be closely related. The two groups thet they represented were 
later united by one author (Kenyon 1895) as Order Protodiplonoda, 
then the old Class liyriapode vas abendoned (Pocock 1897) Pauro- 
poda was recognized as a cless of Pregonesta equivalent to 

Classes Symphyla snd liplepode. | 
| The three familles recognized at the present tine are com- 
posed of at least seven genere and more than 50 species. 

Papers on enatomy and morphology of Pauropode (Schmidt 1695, 
Eeayon L&9E, Attems 1930, Verhoeff 1934) are far-outnumbered by 
papers which are essentially deseriptions of species (Tomosvery 
1884; Heese 1655; Deday 1489; Silvestri 1694, 1902; Kenyon 1895; 
Cook 1696¢; Hansen 1901, 1917; Bagnall 1915; Herrison 1914; 
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11 
Bilton 1928-1934). The most outstanding papers were by Lubbock 
(1666), Latzel (1684), Kenyon (1895), Hansen (1917), Attens 
(1926), ané Verhoeff (1934). 


3. Class Diplopoda 


Before Latreille (1802) erected the Family Chilognetha 
{eClass Diplopoede) diplopods were lumped into a single genus, 
dulus, in the heterogeneous lot of animals cesignated by Linné 
(1738-1768) as Ordo Insecta Aptere. Later Latreille (1406) set 
up the Class Myriapodse and included in it diplopeés en Order 
Chilognaths, centipedes as Order Syngnatha, and terrestrial 
isopods as the third order. 

Nine years leter (Leach 1615) the recognized families and 
genera of the Order Chilognetha were as follows: 

=a 
Family Polydesmides: Polydesnus 

The following system (Brandt 1641} represented a great 

advance in the knewledge of diplopods: 


Order Chiiegnatha of Cless Hexapoda 
Suborder Myriepoda Sugentia (emililipedes with mouth 
perts adapted for sucking) 
Suborder Myriaspoda Manducantie 
Tribe Chilopoda (scentipedes) 
Tribe Chilognatha (emillipedes with mouth parts 
adepted for chewing) 
a. Konotonia: Polyxenus, Polydesmus, Strongylosoma 
b. Trizgonia: Julus, Spirobolus, Lysiopetaluc, ete. 
¢. Pentazonia: Glomeris, Sphaerotherium, Spheero- 
poeus. 
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12 
These tec auborders showed Brandt's failure to recognize the 
fact thet diplopods form a natursl group, but his arrangement 
of the Tribe Chilognatha still deserves recognition because he 
based it upon important morphological characteristics shich hed 
not beon observed before. 

The isolated position of Brandt's Suborder Sugentia vas 
realized by Newport (1844), and he abendoned thet 4ivision; he 
erroneously put the genera previously included in Sugentia with 
the dulidee. His change, however, is significant bacsuse he was 
the first who bed « concept of the ¢iplopods as a uniform group. 
His @ivision of the Order Chilognethe into the following tribes 


- 


is not as gooé aes Brandt's: 


I. Pentazonia: Glomeridee 
iil. Bizonia: Iulidee, Polyzonidsae, Siphonophoridas 
III. Monosonie: Polyxenidse, Folydéesmidae 
Other divisions of the diplopods tere made (Gervais 1544, 
C. L. Koch 1847, Good 1859) within the next few years, but the 
authors of sll of thea felled te discover the correot relaticn- 
ship because they confused structural adaptations sith funda- 
mental morpholegicel differensea. A fairly good idea of natural . 
relationships was given by Seussure ané Humbert (1678) in the 
following system: ) 
I. Suborder with the Glomeridee 
II. Suborder with the Folyxenidcee 


III. Suborder with the Craspedosomidse, Polyzonidae, and 
dulidae 
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13 
Letzel (1864) showed the iaportence of gonopods for the 
eharacterizgation of species of diplopods end made the following 
division: j 
Class Myriapoda 
Suborcer Paelaphognatha: Polyxenidee 
Suborder Chilognatha: Glomeridae, rolydesmidee, Chordeumi- 


dae, lulidae 
Suborder Colobognatha: Polyzonidse 


The system of Pocock (1967, 1693) was more Like those of 
present day writers then any earlier ones: 
Class Diplopoda 
Subelass Pselaphognatha 
Subelass Chilognetha 
Order Oniscomorpha 
Order Helminthonorpha 
Order Limacomorpha 
Bollman’s (1893) system was similar excerpt that he retained 
Diplopoda as a subclass of Class tiyriapoda and substituted the 
name Podochils for Pselaphognatha. 
The termeOpisthandria and Proterandria were introduced 


(Verhoeff 1694) to designete the groups of diplopeds in which the 
copulatory legs of the male are loested eat the posterior part of 
the body from the group in which they are located on the seventh 
or the eighth post-cephelic boaite, This letter group, Proter- 
andria (sHelminthomorpha), was divided (Attems 1698) into Zugnatha 
and Colobognathe on the basis of the structure of mouth parts. 

The following system of classifiestion was advanced by Cook 
in 1895 and modified in 1899; 
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Class Diplopeda . 
Order Onis 
Order Meroeheta: Palssenncices 
Order Colobognatha 
Order Anocheta: Spirobeloidea 
uUrder Zygocheta 
Order Coleocheta: Lysiopetaloides, Chordeumoidea, 
Striericidsa 
Order Diplocheta 


The most significant fee ture of this system was the prominent 
place given the Coleocheta, the group later known as Nemateophore 
(Verhoeff 1928). ; 

The systens of classification of diplopods publisned most 
recentiy (Atteus 1936, Verhoeff 1928) are basically siniler, al- 
though they differ somewhat in terminology. Their grestest dif- 
Yerence is in the rank of the Colobognethe. The division of Class 
Diplopeda by Attems (1930) is as follows: : 


Subclass Paelaphognatha 
Subclass Chilognatha 
Divielon Opisthandrie 
Order Limsacomorphe 
Order Onigseonorphe 
Suborder Syheeretheria 
Suborder Glomorites 
Division Proterandrie 
Superorder Eugnatha 
Order Polydesmoidece 
Suborder Polydeamidea 
Suborder Stronagylosonides 
Order Rematophora 
Suborder Chordeunocldea 
Suborder Stemniuloidea 
Crder duliformia 
Suborder Juloiéea 
Suborder Spiroboloidea 
Suborder Spirostreptomorpha 
Subsuborder Spirostreptcides 
Subsuberder Cambaloicea 
Superoréer Colobognatha 


_ Verhoeff (1928) made the following ¢ivision cf the Cless 
Diplopoda: | 
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Subclass Fselaphognatha 
Order Schizocephala 
Subelase Chilognatha 
Superoréer Oplathandria 
Order Limacomorpha 
Order Armedillomorpha 
Superorder Proterandria 
Grder Colobognatha 
Order Nematomorpha 
Order Proterespernophora 
Suborder Polydesnoldea 
Order Opletospernophora 
Begin. Symphyognethe 
Suboréer Lluloidea 
Regin. Chorizognatha 
Suborder Spireboloidea 
Suborder Splrostreptoidea 
Suborder Cambaloides 


More than 900 genera and several thousand species of diplo- 
pods have been described. For many years Latzel's (1634) work 
was the most comprehensive that hed been published. The recent 
works of Attems (1950) and Verhoeff (1926) inelude taxonomic des- 
eriptions as tar 43 genera. The moat cutsetanding monograph.is on 


the Polydesmoidea {Attems 1696-1699, 1936). 


® 


4. Class Chilopoda 


Like Giplopeds, chilopods also were lumped into a single 
genus, Seolopendre, by Linné. Latrielle (1802) first designated 
ehilopods as Syngnatha, but he later (1617) changed the names to 
Chilopods and gave the group the rank of family in the Order 
uyriapoda, of the Class Thpecte.. 

The commonest genera were Gescribed and arranged in the 


following families by Leach (1814): 
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Order Syngnatha 
Family Cermatides: Cermatie 
Fasily Seolopendrides: Lithobius, Seolopendre, cryptops 
Family -Geophilides: Geophilus 


The groups of chilopods that form the basis for even the Letest 
systems of classification were early set up as the families 
Seutigeridae (Cermatiidsae), Lithoblidae, 3colopendrides, and 
Geophilidee (Newport 1544). There can be Little difference of 
opinion about these as distinmt groups, but there heve bean cise 
putes over their mutual relations end over the relations of the 
Snimalse wlthin each group. 

“the number of body somites (Melnert 19670) and the presence 
or absence of lerval forms wore important eriterie emphasized in 


the following system (Haase 1680); 


I. Suborder Chilopede Anamorpha: 15 body somites 
Family Seutigerini 
Family Lithobiini 
II. Suborder Chilopodse fpimerpha: £1 or more body somites 
Family Seolopendridae 
Family Geophilidee 


Latzel (1880) followed Newport's (1644) division in his ex- 
cellent volume that remained the best morphological work on 
chilopodse for many years. 

Bollman (1803) wrote: “In accordance with the views recently 
advanced by Focook, Kingsley, and several continental writers, I 
have regarded the Syngnathn aa being more closely allied to the 
fiexapode than to any orders cf the old group of Myriapoda.” He 


made the following division of Gyngnatha (#Chilopoda). 
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Class Etymochile 
Subclass 1. Syngnathe 
Order I, Anamorphe 
_ Suboréer I. Unguipalpi 
Family I. Lithobiicee 
Femily II. Cermatobiidee 
Suborder II. Schizotarsisa 
Family Lil. Seutigeridae 
Oréer Il. Episorpha 
Family I¥. Seolopendridae 
Family V. Geophilidee 
Subclass II. Hexapoda 


Pocock (1902) based his division of larger groups on the 
leeation of spirecice. The weakest part of his system, which is 


given below, was the omission of Haase's divisions amanmorpha end 
Epimorpha. 


Class Chilopoda 
Subcless Pleurostigne 
Order Geophilomorphe 
Order Seolopendromorphse 
Order Craterostigmorphora (seutigarenorsae) 
Subclass Notostigna 
Order Scutigeromorphea 


Verhoeff (1925) combined ideas from both Haese (1680) end 
Pocock when he set up the following system of chilopod classifi- 


estion: 


Subcless I. Notostigsorphora 
Femily Seutigericee 
Subelass II. Pleurostigmorphora 
Order I. Anesorphe 
Suborder I. Craterostigmorphora 
Suborder II. Lithcbionorpha 
Oréer II. ‘*pimerphe 
Suboréer I. Scolopen¢romorpha 
Suborder II. Geophilomorphe 


The following separation of the cistinct chilopodé groups by 


Attems (1950) is sinilar to thet of Haase (1680): 
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Subclass Rpinorpha 

Order Geophilomerpha 
 Grder Seolependromorpha 
Subclass Anemorphe 

Order Lithoblomorpha 

Order Seutigeromorphe 


Important investigations that led to a more nesrly neturel 
arrangesent of sasller taxonomle grcups were cade by: Heymons 


(1801) on the development of Scolopendra, irepelin (1903) on the 


revision of Seclopendridae, atteme (1903, 1909) on the systematics 


of the Geophilidae, Verhoeff (1904-1905) on the systematics of 


the Himanteriides, and Brélemann end Ribeut (1912) on Sechendylina. 


Investigations by American writers will be mentioned in the sec- 
tion concerned with the literature on myriapods of the United 


States. 


The Zoology of Kyrlapods 


The literature dealing vith the eccloay of myriapods is 
both fragmentary and seattered. Verhoeff (1925, 1926, 19352,. 
1934). breacht much of it together in four volumes of Bronns 
Klassen und Grdnungen des Tier-Heich. Attems' (1950) sections 
on eeology in Kukenthals Hendbueh der coologie are good, but 
very brief. oth of these suthors treated more of morphology 
and er than of esolosy. 

The best accounts of the ecology of Symphyle ere in the 
writings of Verhoeff (1934), Friedel (1928), and Wichelbacher 
(1938). Numerous papers have been published (Micholbacher 1936, 


p.10¢) dealing with the habits of the symphylen, Scutigerella 
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immaculata, which is often a serious pest on cultivated plants. 

Symphylans ere scattered over most of the world, with the 
exception of north of 63° let. N. in Europe and Asia and 46° lat. 
N. in North America, where their distribution is Limited by «a 
minimum temperature of 15° C (Michelbacher 1938). ‘They have been 
found at all altitudes between 3,000 meters (Friedel 1928) and 
sea level. 

Symphylens were once reported to occur solely in shaded 
rocky soil (Grassi 1666), but they are known to be numerous in 
moist, ecol soil and humus and under logs in woods, gardens, 
ané fields (Newport 1645, Henge 1651, Mubr 1661, Latzel 1984, 
Williams 1907). Although absent from most caves (Verhoef 1934) 
they do occur in some under bat droppings (Joseph 1862). Occasion 
ally they occur in ant nests (Evans 1909). 

The chief ecological factor that influences the horizontal 
and verticel éistribution of symphylans is the moisture of the 
soil and of the soil air (Friedel 1926). Other important factors 
are: location, vegetation, soil texture and structure, soll tem- 
perature, manuring of soil, and natural enemies (Michelbacher 
1938). Vertical migrations, which may be from three to five feet 
down into the soil, may be in seerch of a depth where the optinum 
temperature, 65° F (Filinger 1931) or between 50° F and 60° F 
(Miles and Cohen 1935), obtains; more likely, migrations are con- 
plicated reactions to the following several factors rather than to 
one factor: temperature, moisture, food, soil texture, and soil 
structure (Michelbacher 1938). 
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The structure of mouth perts, the streignt digestive tract, 
end fast movements were ¢arly teken as evidence that syuphylans 
were predecious (Newport 1845, Latzel 1664). Later, symphylans 
were reported to feed partly (Williems 1907) or extirely 
(Thompson 1924) on humus. They are known to feed also on living 
tissues of eultiveted plants (Riley 1929, Filineer 1931), on cone 
pressed yeast, unicelluler green algae, tieir own dead and ine 
. gured, end fungel grovth or humus in laboratery cultures (Michel- 
becher 1958). Verhceff (1834) observed nG predeacious hebits, nor 
gic a study of mouth perte lead him to believe that symphylans 
were predsciocus. 

Since attention was first celled toe the damage that certain 
aieitylene ée to growing erops these enimals have been reported 
attacking many different kinds of plents, generally the rocts, 
throuchout the world (Michelbacher 1936). One square meter of 
favorable forest soil may contain 50 symphylans (Friedel 1928), 
while an area of the same size in infested fields may yield from 
1,250 to 10,760 (Michelbecher 1938). The most suitahle eontrol 
measure in fields is flooding (Yesig 1915); steau, fumigentsa, and 
poison baits are used with varying degrees of effectiveness in 
ereenhouses (Michelbacher 1953). 

Centipedes and lervae and edults of at least tuo species of 
beetles feed on sywphylans (Menge 1951; Filinger 1925, 1931; 
Illingworth 1927, 1926; wymore 1931; Michelbacher 19353). Gamasid 
nites may attack Symphylans (Wymore 1951), but there is no evi- 


dence of it except that they commonly occur in the seme habitats 
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a1 
(Michelbacher 1958). Hundreds of tyroglypi¢ nymphs have been 
observed riding about oa Seutigerclla imueculata, apparently 
without doing any demuge (Michelbucher 1938). Sporozoans have 
been reported from the midgut cf the same species (Verhoeff, 
1934). 

The optimum temperature for normal cetivities of Souti- 
gerella immeculatsa, according to Michelb cher (1956), is between 
12° ¢ an@ 26° ¢, The animals that he studied molted most fre- 
quently et a tempersture of 26° 6. They survived a temperature 
of 2° ¢ for long periods but were unable to withstand 0° Gc for 
any length of time. At 26° ¢ some individuals laid sage between 
the seventh and elghth molts; at 2° c the first eggs wera ob- 
teined between the ninth and tenth wolts. 

Symphylens are negatively phototrophic, but it is net une 
commen for menbere of at least one species, Seutigerelia immecu- 
lista, to come to the surface of tle soil and feed or even lie 
there motionless during the day (bilechelbacher 1936). 

Tnere is not @ single ecologieal work on the Feuropode; 
their smell size ané secluded mode of living makes them very 
difficult to collect ané to study. They have been reported in 
Yurepe, as far north as 60° latitude, in Asia, Australis, Korth 
ang South america, and Siam at altitudes ranging from sea level 

to more than 2000 meters. Their favorite habitet 1s under stones 
| in dense woods, but they alse occur unter rotting logs, leaf 


litter, end lusps of clay (Heusen 1901; Hilton 1925, 1930). 
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Slowly moving pauropods probably eat decomposing reneins of 
animals anc plants and the swiftly mcving species est microscopie 
animals (Latzel 1854). One species was found feeding on dead 
aipterans flosting on the surface of a puddle (Verhoeff 1954). 

The most general discussions of the biology of the Diplopeda 
were written by vom eth (1691), Ghelande (1905), Attems (1930), 

and Verhoeff (1923). As with other groups of myriapods, this 
phase of diplopods has been discussed far less than morphology. 
and taxonomy. 

Diplopods are seldom specialicts as to habitat, but sone 
species show ea preference for certain habitats. The seventeen 
"topobiologischen”™ groups whieb Verhoeff (1928) found among middle 
European diplopods occurred in the following hebitsts: forest soil, 
lowland forests, send, bark, humus, eteppes, subterranean cavities, 
lower mountains, highest mountains, caverns, sea coast, inlend 
streams, ent end termite nests, mole burrows, regions rich in lime- 
stone, and fern beds. Atteus (1950) believed thet diplopods might 
be grouped as animals of woods, stony soil, fields, steppes, berk, 
Caverns, and highest mountains. 

‘The appearsnee of different stages and saetivities in the life 
eycle of diplopocs is closely related to seasonal changes. Cer- 
tein “uropean species thet mature in one year in the lowlands 
require two years to reach maturity in the mountains and three 
years in the highest mountains (Verhoeff 1928). 

Either lervae or adults hibernate in crevices in the ground 


or in chambers prepared by themselves. Similar chambers serve es 
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23 
protection during moulting, dry seasons, and winter cold. Several 
authors (vom Heth 1891, Rossi 1901, “vans 1910, Yoges 1916, 
Heymons 1915, and Verhoeff 1928) described the building of these 
chanubers; none egreed on all the ¢eteils cf construction. 

Diplopods, in general, remein more active during cold weather 
than most insects do. Gonotyle fischeri was found meving ebout 
on an ice covered log when beeties and spiders under the log were 
too chilled to move (Cook 1912). Orcbeincsoma fonticulorum was 
seen copuleting on snow (Chamberlin 1930). Diplepods recovered 
after being frozen in bleoeke of ice if they were thawed out slow- 


ly (Morgan 1939). Specimens of Underwoodia polygama, if held in 


the hend ané exposed to sunlight, “were scon able te run in the 
ordinary wey, eriggied convulsively s few times end died" (Cook 


1912). Locomotion of Pareajulus pennsyivenicus became cbdvicusly 
irregular below 18° C; the rete of progression was practically 
constant at temperatures between 15° and 30° © (Crozier 1924). 

Cylindroiulus londinensis, C. meinerti, and Bleniulus guttu- 
latus heve a "feuchtigkeitesinn” (Verhoeff 1926). txperimental 
animals of these species preferred a moist light plece rather 
than @ derk dry place. The fact that ¢iplopods cecurred in trees 
only on very foggy days led Verhceff to believe thst the enlef 
factor thet causes ciplopods to remein in the soil is humidity 
ané not a negetive phototropian. | 

Platesu (1887) described the behevior of myriapods toward 
light, and it wae his work that Redl (1901) quoted. Muller (1924) 


studied the light reaction cf Iulus feliex and Folydesmus cou- 
planetus. In the first species, which has ceelli, he could find 
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24 
no evidence of photodermic sense organs, while in the second 
species, which has no ocelli, he found a light sensitive organ on 
the antennae and evidence for the presence of a photodermic sense. 
Other writers (Fabre 1855, vom Rath 1990 and 1891, Clementi 1912, 
Lohner 1914, Verhoeff 1896-1928) discussed the reactions of diplo- 
pods toward light, but none 414 it so carefully or so thoroughly 
as Muller. 

Several authors referred to the increased activities of dip- 
lopods during the night. Park (1955) studied the nocturnal move- 
ments of Spirobolus marginetus. He wrote: "Of a total of 432 
hours spent in @ dark experinental chamber, roughly 96 per cent of 
the activity of the starving animal was at night, and &.5 per cent 
during the day. Hence we are led to believe that thelr inate ec- 
tivity is a deep-seated mechanisa." 

Parental eare varies greatly among diplopods and consists, 
in so far as is known, only in construction of nests and eare of 
eggs. The most intimate care is given by females in the Suborder 
Colobogneths; they wrap their bodies around the clutches of eggs 
and sive off unusually large amounts of secretion from the 
repugne torial @lands during the incubation period. Eggs of 
Polyxenua lagurus are deposited in clutches of from 10 to 20; 
they adhere together and are covered loosely by trichomes from 
the female's body. Among the Craspedosomidae, females construct 
egg cocoons of white webs from the seeretion of the posterior 
Spinning glands ené leave them in crevices in the earth. The 
eggs of Glomeris (Yerhoeff 1926) and Spirobolus (Loomis 1933), 
which are quite unrelated genera, are deposited singly and 


enclosed in capsules composed of soil and secretions from anal 
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25 
glands. Meny polydeemids and some julids construct egg chambers 
of earth or soft wood yessed through the gut or moistened with 
salivary juices and shaped with the jaws and front feet. These 
chambers are dome-like or chimney-shaped (Verhoefr 1928). 

Latzel (1884), vom Rath (1691), Attems (1894), Morse (1904), 
Evans (1910), Barber (1915e), Verhoeff (1916, 1928), Muller (1924), 
Miley (1927a), and Loomis (1933) studied breeding habits of diplo- 
pods, chiefly polydesmi¢s and julids. 

Diplopeds feed chiefly on decaying plant material. Although 
members of certein species show a preference for one type of humus 
over another, there are no food specislists as among insects. In 
general, humus from hardwood trees is preferred over that from co- 
miferous tress, and certain hardwoods, notably maple, hazelnut, 
and alder, ere preferred over others. Species of glomerids which 
live in open ercas must swallow sand greins to grind their hard 


feos particles, but those which eat only very scft food rerely take 


in sand (Verhoeff 1914, 1928). Blaniulus guttulatus is reported to 
feed on human excreta, bodies of dead animals, and agricultural % 
crops (Thomes 1904). Other julids are known to prefer the flesh 
of dead animals to vegetable matter (Krause 1920, Verhoeff 1928). 
A cave-dwelling lysiopetalid captures and ests living earthworms 
and spiders (Verhoeff 1928). “Pseudoparasitisn,” or the presence 
of G@iplopods in the digestive tract and nasal passages, of human 
beings occurs eceasionally; such infections are accidental and 
doubtless many reports of them are ficticious or greatly ex- 
aggerated (Blanchard 1902, 1910; Chamberlin 1923a). Members of 
the genus Hacheiriophoron are chiefly fungus eaters (Verhoeff 1928). 
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It is not unusual for diplopods, chiefly julids, to feed on 
cultivateé plants, either cn dead parts or on living tissues 
(Fitch 1965, falsh 1666, Coquillett 1682, Forbes 1884, Theobald 
1903, Cook 19lle; Essig 1915, Riley end Johannsen 1932). | 

It is a recognized fact thet earthworms have no monopoly in 
mull formation, but thet diplopods may elsc play « significent 
role in the destruction of leaf litter (Latzel 1864, Hoffman 
1931) and the mixing of mineral soil and humus (Plateau 1376, 
Coville 1914). Members of some species, notably Fonterie trimac- 
ulate and Be ecoriscea, ingest large emounts of humus and some 
soil (Romell 1955). A plot 4 by 20 feet in a wooded area near 
Washington, >. C., yielded 320 specimens of Spirobolus marginatus, 
the adults of which produced about 0.5 ce of excrete per day. On 
an acre with the saze population density this species would con- 
tribute to the formation of more than two tons of leaf mold each 
year (Coville 1913). This amount is spectacular rather then 
significent; diplopods do aggregsete where favorable feeding sites 
ere located, but rerely in such a large plot as Coville described. 
Boleott (1937) considered the significance of millipedes in an 
environment to be slight. In one hundred square feet cf erass- 
land he found more than 600 millipedes, roughly ten per cent of 
the total number of animals present on that ar@a; one-half of 
them were on the surface, one-fourth in the top two inches of 
soil, ané the remainder were as much as eight inches from the 
surfece. | 

| Very littie is known about the perasites of diplopods. 

Gregarines (vom Rath 1891, Wilson 1915, Attems 1930) and sporozca 
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27 
{Labbé 1899) ocour in the digestive tract; dipterous lervee end 
‘aeanvedes are often present in the body cavity (Haeage 1555, vom 
Reth 1891, Barter 1915, Verhoeff 1926). Mites are frequent ecto- 
parasites; they attack enge and larvee, as well as atultse 
(Verhoeff 1928). Parasitic fungi often ettack diplopods, usually 
at the soft limb joints; infection probably ocours during molting 
when the exoskeleton is soft (Shellenberg 1923). 

Sone Saseete, spiders, and inseetivorous vertebrates, oa 
pecially toads, frogs, selamanders, lizards, birds, fielcé mice, 
and moles, are natural enemies of diplopods (Verhoeff 1928). It 
. is reported that twelve per cent of the diet of the American toad 
ecnsists of diplopods (Kirkland, 1897, 1904). 

Means of protection are varied among diplopods. Polyxenus 
has a thick covering of trichomes; many species have exoskeletons 
heavily impregnated with calcium; the spirel reflex is well de- 
veloped in species with round, smcoth bodies. Somediplopods give 
off secretions cron repugnatorial end rectal glands that ere 
avoided by many animals (Verhoeff 1928). Certain beetle larvae, 
however, eat the sepagnaterie) seeretions. An unusual diplopod 
in Hispaniola has the ability of ejecting its repugnatorial se- 
eretions far from the body; its secretions, unlike those of most 
other adiplopods, are a painful irritant to the human skin 
(Loomis 1936). 

Myrmecophilous and termitophilous species of diplopods have 
been deseribed (Verhoeff 1991, Silvestri 19lla, Chamberlin 19234, 
Schubert 1939). The not infrequent occurrence of diplopods in 
mole burrews is probably fortuitous © (Silvestri 1911, Heselhaus 
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1914, Sehubert 1939). A symbletic relationship between a julid 
ané eerthworws, and relationships of uncertain classification, 
but probably commensal or symbiotic, between diplopods ané aphids 
and diplepods and insect larvae have been reported (Verhoeff 1926). 
Diplopeds also occur in hornet, bumblebees, and bird nests. In 
general, the apecies found in aninal nests ere those with a wide 
range of hebditeat (Sehubert 1939). 

AN encsual atundases of Giplopods was referred te by various 
authors es "swarmings" (Mauch 1901, Sook 1924), “migrating armies" 
‘(Barber 1915), “perembuleting millipede” (Viosee 1925), "“over-~ 
populetion"(Verhoeff 1900), and "migretion” (Sincleir 1922 end 
Heape 1921). Mass movements of the following species huve been 
reported: Brachylulus unilineeatus (J. Paszlowszky 1879), Fontaria 
virginensis (Bollman 1693, Meuch 1901), Julus terrestris and 
Brachyjulus sp. (Verhoeff 1900), Perajulus pennsylvsnicus (Morse 
1903), Ghonephe sp. (Barber 1915), Tachypedolulus niger and 
Cylindrolulus londinensis, ver. coeruleceinetus (Brade-Birks 


1922), Spirostreptus sp. (Cook 1924), and Spirobolus marginatus 
(Viosea 1926). | 


The distribution of diplopods in the five «reat geographical 
regions of the world inéleates that the large species cheracter- 
istic of the tropics and the smaller types characteristie of | 
holerctic regions are ezpreseiocna of present climstic conditions. 
Diplepods, because of thelr intolerance to water and narrow range, 
mey be better indicators of former land arese and bridges then 
terrestrial molluses {Attems 1930). 

The following are characteristic habitats of ohllopode: 
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29 
forest soil, under bark, borders of stroans, sta coests, stony 
soil, soft soil, sand, high mountains, caverns, and subterranean 
crevices; few Species are confine¢ to a single type of hebiteat. 
Some of the Lithobiidae found in caverns are markec by a decrease 
in the number of ceelli, ean inerease in the length of antennae, 
gné an absence of pignent (Yerhoeff 1925). SBliné ehilepeds also 
eecur cuteice cf ceverns. 

The type of food differs sonewhat among the four main groups 
ef chilopoés, but all cf them are cernivorous. Lithobiidee eat 
flies, nosquitces, beetles, other inseets, spiders, end soft 
vegetable matter (Koch 1665, Fiateau 1876, Britten 1920, end 
Verhceff 1925). Scolopendri¢ae (especially Scolopencra cingulata 


ené S. Gelmatios) prefer soft worms, larvse, anc deacé insects and 


only hunger drives them to teking moving insects (Heymone 1901). 
In a figure in Srehms Tierleben a Scolopendra is showec attacking 


@ ifigaré as large as itself. Campbell (1932) gave @ list of the 
insects that Scolopenéra heros ate in esptivity, but she did not 


stete the number eaten. Seutigere forceps ate roaches, houses 
flies, moths, becbugs, croton bugs, and spidera in captivity 
(Hurtfeést 1594, Marlett 1906, and Verhoeff 1925). all chiiopods 
with fifteen segments, i.e. Lithobiidee and Seutigeridas, sat 
insecta and usuelly avoid slimy verms end enaile (VYerhoeff 1925). 
The ehief enemies of chilopods are field mice, moles, 
lizerds, ground-feeding birds, thysanurans, ants, scorpions, ané 
ground apiders (Verhoeff 1925). Sporozea (Lebbdé 1899), gregerines 
{Leger and Dubasea 1902 and Wilson 1915), nematodes (Balbiani 
1869), and diptercus larvee (Télg 19135) are parasitic on chilopods. 
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There are no recorés of chilopods that are parasitic on 
other plants or animals, but a “pseudoperasitian” of verious 
geophilids, Lithebius forficetus ané Seutigere colsoptrata, in 
the nasal pa ssages and digestive tracts of human beings has been 
reported (Blanchard 1896, 1902, 1910; Verdun et Brouyout 1912; 
Laurens 1914). 

Sepaletion has not been observed with certainty in any chilo- 
pods, but it probebly takes place among the Lithoblomorpha and 
the Seutigeromorpha. In the Geophilomorpha end Scolopendromorphe 
the males deposit spermatephores from which the females fertilize 
themselves. Lithebiids lay eggs singly, probably one or tro 
@aily. The female uses the gonopods and hind legs to roll the 
ge until it is covered with dust and then she abandons it. Fe- 
' mele geophili¢cs and scOlopendras lay eges in masses and eoil 
around them during the incubation pericéd. They usually stay with 
the young during the firet three lemature stages (Fabre 1555, 
Vernoeff 1928). | 

One Soolependra (Broeckhausen 1903) and several geophilids 
are luminescent. The luminescent substence first was thought to 
be secreted by the epithelium of the digestive tract (Dubcis 1887, 
1893) \.or by the anal end coxel glends (Mace 1866), but now it 
is thought to be secreted by the glands of the sternites and the 
pro- and metacoxeae (Gegagnaire 1986, Hease 1889, Ludwig 1801, 
Brade-Birks 1920, Verhoeff 1925). The strength of the light 
emitted varies with the species, sex, individuel, end season 
(Brade-Birks 1920). Bacterie, as well as the secretions of the 
glanés mentioned above, sre sometimes responsible for lumines- 


cence (Verhoeff 1925). 
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Records of mass movements of ehilopods are rare. The most 
remarkable case was recorded by Aelian (Heape 1931), who stated 
thet the whole population of the town of Rhetius was driven out 
by swarms of emigrating Seolopendree. Thuringer (1924) also founé 
many Scolopencrae migrating. Sinelsir (1895, 1917) reported sud- 
den increases in the numbers of geophilids end Lithobids, which 
he attributed to extrezely fevorable reproductive conditions. 

Chilopod species usually have a wider range than diplopod 
species; there are more aretie and anteretic species of chilepods 
than there are of diplopeds (Verhoeff 1925, Attems 1930). Geo- 
philomorphe end Lithobiomorphe ere cheracteristic of temperate 
regions, and Scolopendromorpha end Seutigeromorpha ef tropical 


regions {Yerhoeff 1925). 


_Myriapods in the United States 


The earliest published works on North Acerican nyrlapods cone 
sisted largely of short papers scattered among scientific perivdi- 
Gal litereture in several languages. The chief ‘uropean con- 
tributors vere. Rafinesque (1520), Brandt (16541), Newport (1544), 
C. L. Koch (1847, 1663), Girard (1855), Seger (1056), Humbert and 
Saussure (1869, 1872), Borre (1684), Gervais (1847), Kersch (1881, 
18Sle), Kohlreusch (1661), Latzel (1880, 1684), Meinert (1685), 
Pocock (1688), Provancher (1883), and Stuxberg (1875, 1877, 18685). 
Their work consisted almost entirely of descriptions of new 
species. 
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Thomas Say was the first Anerican who made a careful study 
of the myriapods of the United States. He (1821) described 
eighteen species, mostly from the Southern States. ood (1861- 
1869) published a sore extensive series of papers. In his "‘Kyrie- 
poda of North America” (1669) he included descriptions of the 
ninety-two species then Sed to be in the United States. Cove 
(1869, 1870, 1672), Peockard (1873), and Ryder (1861) described 
several eave species. 

Soon after Lubbock discovered Pauropus in furcpe, Packard 
(18708) and Ryder (1878, 1679, 1879a) reported related genera and 
species in the United States. Kenyon (1895) end Cook (1696c) 
wrote on the morphology and classification of pauropoés. 

Among the early publicetions that ¢ealt vith other phases of 
myriepods than morphology and classification were a few notes on 
| some cel seaees species, e description of the eyes and brain of 
Germatia forceps (Packeré 1860), brief notes on the habits of a 
few species (Wood 1863-1569), and references to the destructive 
habits of certein myriapods (Fitch 1665, falsh 1566, Wood 1669, 
Coquillet 1862, ané Forbes 13884). 

_ in his summery of American myriapods Uncerwood (1885) listed 
£7 genera and 129 species. MeNeill (1687, 18898, 1836) added 19 
Others. The taxonomic work of ©. L. Bollman, who died before he 
was twenty-one years ol¢, vas superior to that of any other 
American before him. His publicetions (1887-1893) showed evidence 
of keen observing powers and careful judgment combined with great 


enthusiasm and activity. He mde ecsreful descriptions of 63 new 
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35 
species and three genera. His acientific writings on ayriapods 
were collected by Underwood (1893), who included with them a re- 
view of literature published on North Americen myrilapots before 
1893. 

A botanist, 0. F. Cook, published several papers concerned 
with the taxonomy of American species. His most important papers 
dealt with the Geophilicee (1696a, Cook and Collins 1890), 
Craspedosomatidae (Cook and Loomis 1928). He was one of the few 
Americans who attempted to give explanations of myriapod evolu- 
tion (1901, 1911), distribution (1911), and adaptations (Cook and 
Loomis 1924). 

fhe foremost authority in the United States on the myriapod 
Classes DPiplopoda and Chilepoda is br. RB. V. Chamberlin. His 
most important publications are conesrned with the morphology of 
species in the following groups: Lithobiomorpha (191l1b, 1912, 
1912b, 1913, 19léa, 1917a, 1922a, 1925b, 1925¢), Geophilomorpha 
(2912e, 1920b), Julidae and Isobatidse (1921, 1940b) and Fon- 
tariidae (1916a, 1939). H. F. Loomis deseribed new american 
species of the Order Colobognatha (1934) and of the Families 
Strieriideae (1936a) and Lysiopetalidee (19357). New symphylans 
ané peuropods were described by Hilton (1930-1934). Myriapods 
collected in caves in the Eastern States were listed by Dearolf 
(1937, 1936) and Loomis (1939). 

"The Blology of the Gerden Centipede, Seutigerella immaculate” 
(Michel becher 1938) is the best ecological work on a nyriaped that 
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has been done in the United States. There heave been briefer 
publications and references, in addition to those elready men- 
tioned in this section, to behavior (Williams 1907, Crozier and 
Moore 19235, Crozier 1924, iiymore 1931), evolution (Kingsley 1888; 
Packaré 1903; Tothill 1916; Crampton 1918, 1928; wing 1928; 
Snodgrase 1938), distribution (Hilton 1930, Wymore 1931, Foleott 
1957), life histories (Barber 1915e, Miley 1927e, Hilton 1929, 
Hefner 1929, Yymore 1931, Campbell 1932, Loomis 1933, Cornwell 
1934), mull formation (Coville 1914, Homell 1935), morphology 
(Hefner 19292, Miley 1930, Hilton 1930a), predators (Kirkland 
1697, 1904; Sweetman 1936), parasites (Barber 1915, Wilson 1915), 
and the control of myriepods that ere pests on agriculturel plents 
(see bibliography of Michelbacher 1938). 

Bollman (1887) described three species of nyriapods sent to 
him from Horth Carolina by Professor George =. Atkinson. The 
collection that M. Fugtne Simon made in North Caroline was dese 
cribed by Brolemann (1896). Chamberlin collected thirteen 
previously undescribed species of Lithobiomorpha (191l1b, 1913) 
and five of the Family Fonteriidee (1939) in the western part 
of North Carelina during the summer of 1910. Since then he has 
described many species sent to him from thet state by Dr. A. 5. 
Pearse, Dr. €. S. Brimley, Kr. W. S. Cornvell, and myself. 
Brimley (1938) liste¢ 66 species known to exist in North Carolina; 
Gy work brings the number to 96. 
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{HT RELATIONSHIPS OF MYRIAPODS 


The four distinet classes to which myriapods belong cen be 
briefly described as follows: 

Symphyle: entennee simple and multiarticulate; mandibles two- 
segmented and vith movable lacinia; two paire of maxillee; elon- 
geted body sonsiste of a head and elther fifteen or teenty-teo 
post-cephalic somites; cach somite bears a visible tergite; twelve 
pairs of legs, the first pair sometimes greatly reduced; spinning 
@iands open on the well developed cere] on the last somite; 
medien genital epening behind the third peir of legs on the fourth 
somite; one pair of spireciesa ventral to antennse; anamorphic; 
larvae vith 6, 7, 8, 9, 10, or 11 pairs of legs. 

Pauropoéa: antennae consists of four proxine] segments and a 
peir of distel branches thet bear three filaments; one pair of une 
segmented mancibles; one pair of wexiliae; body consists of a head 
and twelve post-cephalis somites; either six or ten tergites; sine 
pairs of functional legs; genital openings peired in male and 
aingle in lain bd posterior to the second pair of legs; respira- 
tory and circulatory systems lacking; anamorphic; larvae with 3, 
&, 6, 8 peirs of legs known. 

Diplopode: entennae simple, usuelly consist of eight seg- 


ments; mandibles two-segmented and with movable leacinia; first 
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36 
maxillae absent in adults; gnathochilerium formed from second 
maxillee and part of the first poat-cephalic somite; body con- 
sists of an anterior region of single somites, the thorax, and 
& posterior region of fused or doubled somites, the abdomen; 
first somite of the thorax legless, the next three, occasionally 
four, somites bear one yair of legs each; the doubled somites of 
the abdomen bear two pairs ef legs eech; one pair of spiracles 
generally opens et the base cf each pair of legs; paired genital 
openings on the third post-cephalic somite; anamorphic; lervee 
with three or wore pairs of legs. | 

Chilopoda: antennae simple and multlarticulete; one pair of 
segzented mandibles; two pairs of maziliae; elongated body con- 
sists of a head and from 19 to almost 200 single post-cehvalic 

somites; each post-cepahlic somite except the first and the last 
three bears a pair of running legs; eppendages of the first 
somites modified as poison claws; a single genitel opening on 
the preanal somite; spiracles open on pleurites or on tergites; 
either anamorphic er epimorphic; lervee with seven or more pairs 
of legs. | 

According to @ theory which Tillyard (1938) postulated, the 
myriapod-hexapod group of Arthropoda arose from an ancestor with 
only four post-cepahlic somites. He designated these somites as 
&, B, Y, and % and assumed that A, B, and Y each bore one pair of 
legs, that the gonopores opened on somite ¥, and thet the anus 
opened on somite 2. Hexapods arose from 4 line in which ena- 
morphoses were accompanied by aubdivisions of somites Y and B; 
myriapods arose from another line in which sueh subdivisions 
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occurred in somite Y, never in somite B, and rarely in somite di. 
In the progoneate types of myriapods “additional segments budded 
off fron ¥ backwards, leaving the gonopores on the third segment. 
In Symphyle, it is suggested either thet the fourth seguent, 
having the gonopores, is the original segment Y (in which case 
B has Givided into two) or that the gonopores have moved back 
one segment. The evidence seens to be mostly in favor of the 
letter. . .. in the Diplepode the division of segments by eneq- 

morphosis hes followed the sane lines as the Pauropoda but has 
| gone much further.” in the opisthogeneete myriapods “the criginal 
genital segment Y hes remained next to Z, the anamerphiec additions 
being made in front of it.” Tillyerd (1936) diG not give a figure 
to illustrate this theory, but his argument indicated to the 
author that he hed the ides of myriepod relationships that is 
shown in Figure l. fie regarded the Pauropode as the most primi- 
tive of the progoneate myriapods because of the small number of 
body somites and the leck of plates in the sternal and pleural 
‘regions. 

Verhoeff (1925) and attems (1950) followed Pocock (1695) in 
his belief thet the location of the opening of the genital organs 
is of fundamental importance in working out the relationships of 
the classes of myriapods. accordingly, they designated Symphyla, 
Pauropoda, and Diplopoda as irogoneate and Chilopode and Hexapoda 
as Opisthogoneata and (Verhoeff 1925) gave the following as funde- 


mental differences between the two groups: 
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Frogonesta Opisthogoneata 
1. Middle portion of mandibie 1. Middle portion of sandible 
strongly developed. weak or absent. 
2. One pair of maxillse. &. Two paars of maxillee. 
3. anterior genitel opening. 3. Posterior genital opening. 
4. Gonopods usually present 4. Gonopods absent or incon-. 
in male. spicucus in male. 
&. Skeleton often of ehitin. S. Skeleton of conitin. 


and calcareous material. | 
6. Trachese never anastomosing. 6. Trachese anastonmosing 
(except in Seutigera). 


Verhoeff (1925) showed his ideas of the relationships of 
myriapods as is indicated in Figure 2. He believed that the 
‘Symphyla, Fauropode, and Diplopode have fundemental differences 
great enough to derive them from three seperste Lines of svolu- 
tion from the ancestral progoneate stock. 

Hansen (1930) reached a conclusion ebout the relationships 
_Of myriapods that apparently wes based on careful morphologicel 
studies of many erthropeds. He wrote: 

A eonsideretion of the mouth-perts of all four sub- 
classes of Myriapoda gives the sane two results as the 
consideration of their walking legs, viz., thet each of 
the four sub-classes is more related to the one of the 
three others than to any order of the Insecta, and tiat 
each of the sub-classes is less related to any order of 
Apterygota than tyres of the Apterygota are related to 
the Malacostraca. . . . beth mouth-parts and legs in 
Kyriapoda show alterations and reductions which sere far 
from inclesting primitive stages, and the entire class 
is & natural group sharply limited from all Insecta, and 
less allied to Crustacea than is the case with the 
Wachilidae. 

Like Hansen, Snodgrass (1936) did not consider the location 
of the genital openings es the chief criterion on which to es- 
tablish the relationships of myriepod elaeses. He believed that 


the structure of the legs and the mouth parts and the ssence or 
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} 39 
presence of fused somites were more important characters than 
loestion of genitsl openings upon which to base a theory of the 
relationships of the myriapods. His explanation of the origin of 


heterogoneate conditions of modern arthropods follows: 


. « » & Segmental difference in the position of the 
genital openings is to be explained only as the result 
of mutations that have been offective in the zone of 
teloblastic growth, which determines which particular 
pair of coelomic sacs shall be utilized as genital sxits. 
« « « In the Chilopod .. . there stili exists a varia- 
bility as to the segment of genital ducts, for, though 
the genital outlet is eglways on the subterminal segment 
in Chilopodea. .. . the genital segment is not morpho- 
logically the same somite in all cases, since the number 
of somites preceding it may be quite different... 
even among individuals of the game species. 


Snodgrass postuleted a theory of the phylogenetic relationships 
of arthropods that is dlagrammed in Pigure 3. 
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ANNOTATED REY TO THY MYRIAPODS OF NORTH CAROLINA 


Sixty-eight of the myriapods included in this key were listed 
in Insects of North Carolina (Brimley 1938). Most of the remain- 


ing 96 species were collected by the author during 1939 and 1940. 
Doubtless several species oecur in the state which have not yet 
been discovered and are therefore not included in this key, but it 
probably covers the myrispods in the buke forest very well. Minute 
species are probedly present which will be found only with the use 
of Berlese or Silvestri funnels. 

The identification of many of the diplopods end chilopods 
was confirmed by Dr. R. V. Chamberlin. Dr. A. %. Michelbacher 
identified the symphyleans. Names of collectors are in parentheses. 

The author followed Attems (1930) in designating the larger 
taxonomic éivisions; Chamberlin (1911b, 1912, 1912b, 19iZe, 1913, 
1917, 191%a, 1925d, 19359) in the arrangement of the Geophilomorpha, 
Lithoblomorphea, and Fontariidee; snd Wiiliams and Hefner (1928) in 
many of the specific descriptions. In general, natural character- 
istics were useé in meking distinctions between groups, but in 
some instances, for the sake cof simplicity, ertificial features 


were used. 
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1 (2) Antennee vith three terminal branches; snimals minute. 
Class Pauropodea Lubbock 1666. 


Meny species of this elass have been reported 
from North America, but none have been collected in 
North Carolina. Undoubtedly, careful searching 
under stones, bark, and logs and in humus will re- 
sult in these myriapods being found in this state. 


The 12 ost-cepeflic somites are covered by 
six dorsal pistes or tergites in American species. 
There are nine pairs of legs, each of which terminates 
in @ single claw. The length is usually less then 
1.6 mm. Descriptions of genera and species are in 
_ “Pauropoda of Korth Americe” (Hilton 1950b). 
® (i) Amtennae not branched. . 2.1.2 ese eee sven enn oe S 
3 (86) First pair of post-cephalic appendages never modified 
as “poison claws" or prehensoriel feet... .. . +» + + +4 
4 (9) One pair of legs to a somite; animals minute. 
Class Symwphyla Ryder 1880. 
Members of this class resemble suall white 
eentipedes (Chilopoda) es they move ebout quickly 
in damp humus and soll. Adult symphylans have i6 
or 82 post-cephalie tergites and 12 seirs of legs. - 
Fach leg terminates in 2 cleawa. The length may be 
from less then 2 om. to almost & mm. 
Deseriptions of genera and species are in 
"Symphyle of Nerth Anerica”® (Hilton 1931b). At 
least three genere oceur in Korth Carolina. ...... .8 
5 (6) First leg peir reduced to clawless papille-like 


processes. Symphylella Silvestri 1902. 


Collected in the Duke Forest throughout the 
year (Causey). 


6 (S$) PFiret leg pair well developed and over half es long 
| @a the feliewing peir. . ce wet st eee eee et eh te CF 
7 (8) Last tergite with a broad pit in the caudal m:rgin; no 
long sensory bristles on the laterel margins of tne 


tergites. Seutigereila causeyse ichelbacher (us name ). 


vetumia slasine ee meee te ike 


BO6S bid ote. oF 


Boreas nage, wet im aia wie Yin, eiouk 
nh begew ls yo ed rad eos Ore . oc ee 
witserpee Le Tos ao Vibe arabes ails 
«ot If ty Gung oi wate tiot- tee aed) ae 
».meboa ahd x2 haga? piednd Bog poke Ye i 


Yo Petoreg whe fF Lice ndtdleses eae a6 

a Ohbe nit SO si outa. ge’ OT ET a tay Oe . 
wiry Lerten VO owe eed Te arteg Hho 
‘woke Goal sed leeee ed dame f oot wale, ads 

‘gl co, ‘audnote brn BT Do sapere sade d 
PORES wot abet) "ae hows pre 7 2 


v4 “ , : + Kae, x) us " * ae cae Ry becdonmad som WW tt 
w 
fs Lt haa Seren Roget. pert or: RA Loe TORY To eke 
eae on Ui ee ad dae’ Labtéenatow go “ewels a ‘rot 
4 OSES tan oem Dem. od Binen. #8 OF oper hb! 
OBB f xobes aly 
piide Linek olden th: 20 obo otis to. R 
Cade) Couee Ovrom Bers op Ba" atkee 
OWA Weel ht ge ve a 
) wags” To whi by Soe gt hate olds aden Uateiee 
og Yan. ao yuo t ait eeble fog hehs dag ee 
w Sad & ‘ ie Oe OF an 8 ye on 
ot ate. ee iaore dap wiring tei uae it y he 
oh iy pce speties Ri gia 
ae 


slant taica teh LD OF, sonar ie, ae 
ROR, LtremeLre ni toh alias | 


ae 
, 


ints 52449 gia aria holo, eon: ae i 4 


ac NM * o% P a; 8 ae o* errs 2 « Ay dh ty. mines 
ey tol sm hapsy eAt at ate: Least 4 atie t Tan 
o6t Rad mabyroe Cordes Mid no an seg tae reese aot 


ah {wwse ea) teiiagiie to ke sngeaae Shlerametioh 


42 


Collected in the Duke Forest throughout the 
year (Causey). 


8 (7) Last tergite without such a pit. 
Hanseniella elegans liichelbacher (MS name) 
This species is very common in the green houses 
of ur. GC. Kh. Hibberd, Durham. tcrkmen there reported 
thet it does not damage living plient tissues. 
@ (4) Most of the post-cephalic somites bear two pairs of 
legs; animals seldom minute. Class Diplopoda Latreille 
LEO tha RUA Aken Ae 40 habeas Creyvenace « « « BO 
10 (11) Thirteen peirs of lege in adult animels. Subclass 
Peelaphognetha Latzel 1664. 


Polyxenus fasciculatus Say 1621 


Body 2.5 mm. long; color pale brown; feet white; 
short bristles on heed and body and clumps of longer 
bristles on sides of esch somite; short thick an- 
tennae; eleven post-cephalic somites in adult. 

Collected in the Duke Forest in July (Cornwell), 
December, and February (Causey) end at Fort Fisher 
in april (®rey}; found in pine and red gum logs and 
in the soil in Ag horizon; not common. 

ll (10) Twenty-eight or more peirs of legs in adults animals. 
Subclass Chilognatha Latrellle 1602. . ...+-« eve 
12 (17) Bouth pertse reduced and suctoriel; the ninth and 
tenth pairs of legs modified as gonopoés in the mele; 
eight pairs of walking legs anterior to gonopods. 
Order Colobognatha Brandt 1634. . 1. 6 «© © © © wo ow 2 ow ow AS 
_ 13 (16) Tergites neither suleate nor covered with short stiff 
hairs; lateral carinee not well developed; ocelli 


present. ° . * a * * * ° . e ° i e e e 8 e oe & * * * * 14 
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15 (14) 


‘16 (23). 


43 
Adult animels with from 36 to 6&5 post-cephalie 
somites. 
' Polyzonium rosalbum (Cope 1670) 


Octoglensa oe Woo? 1864. Proc. Phil. Acad. 
Sei., p16. 


 Polyzonium bivirgetum Cock and Loomis 1928. Froc. 
at. USe, ‘ * 


Color yellowish white to pele rose; length up 
to 20 mm.; body about six times es iong as broad; 
dorsum convex; 2-4 ocelli on each side of head; legs 
short, ‘searcely reaching edge of body; can coil 
spirally; secretion of repugnatorial glands has ae 
distinesiy eemphor-like odor. 


Collected near burhem and at Huckleberry Springs 
in October (Causey) and at Silver in hovember 
(Johnson). 

Aéult enimel with 28 post-cephalic somites. 
Buotus carolinus Chamberlin 1940 


Color vhitish; length of the only specimen, 


‘apparently @ female not fully ercwn, 4 mm.; entennee 


relatively lerge anc distelly heevy; median longi- 
tudinal sulcus; keels of collum project conspicuously 
laterad; succeeding tergites conspicuously slevated 
exeept adjacent to their anterior and posterior 
margins, where they ere lower; two large setee on 
enrel tergite; three chorter setal in @ series on 

each ansl valve. 


Gollected in a pine-hardvood forest near Durham 
in December (Causey). 


Tergites produced into wide leteral ecarinae; distinct 
longitudinal and transverse sutures; dorsal tubercies; 


ocelli absent. 


Platydesmus lecontii (Wood 1864) 


Dorsum rosy; legs, antennee, and head prin- 
cipally yellow; body depressed; about four tines 
&s long as broad; tergites bear two transverse 
rows of tubercles; numerous short heirs on body; 
4-8 setiferous tubercles on last tergite; iength 
G-21 mm.; 29-55 body somites. 
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1? (12) 


18 (19) 


19 (18) 


20 (21) 


21 (20) 


228 (23) 


44 
Collected at Balsam Gap and at Sunburst in 

May (Brimley) and eat Soco Falls in April (Causey);. 
found in the soil in the F layer of the A, horizon; 
not common. 
Chewing mouth parts; seven pairs of legs anterior to 
gonopods; the eighth and ninth, or only the eighth, 
pairs of walking legs modified as gonopods in the male; 
gonopods either external or within a pouch in the body. 


Order Eugnathe Attems 1896. ....+e++sre eee « 1 


Body round or almost round in cross-secticn; 26 or 


more post-cephalic somites. ...+-.2-+22ses+ 2 ee «eo BO 
Body not round in cross-section; dorsum flat or convex; 
adult animals with from 19 to 22, but usually 20, post- 
cephelic somites; male with one pair of walking legs 

less than female; eighth rair cf legs of male modified 
@s gonopods; tergites produced into wide or narrow 
laterel carinae; ocelli absent. Order Polydesmoidea 
POGGGE LECT... 5 2.0 + e848 8 te ss te et lw el aR 
All sternites posterior to seventh free from pleurites; 
26 or more post-cephalic somites in sdult animals. 

Order Nematophora Verhoeff 1915. . . «6 « « « «© © « « 64 
All sternites posterior to seventh fused with pleu- 
rites; adult animels with 40 or more post-cephalic 
somites. Order Juliformia Attems 1930........ 70 
Tergites with deep transverse furrows, smooth; lateral 
carinae narrow; body narrow; dorsum almost flat. 


Family Strongylosmidae Cook 1895. 
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Orthomorpha gracilis (Koch 1547) 


A@ults with 20 body somites; dorsum chestnut 
brown to bleck; lege, sternites, and cerinse 
lighter; iarvae cream, gray, or light brown; gono- 
7. . in Figure 4% length 16-22 mm.; width 
vow 6 Re 


Collecteé in greenhouses in Durham throughout 
the year (Causey); probebly widely distributed in 
@reenhouses in Kerth Carolina; collected ina 
bemboo thicket in Durham in Mareh ané April (Causey) 
andapine litter in the Duke Forest in April (Causey), 
in compost holes at Raleigh in August and December, 
oe es Stanforé in July (Wray); introduced from the 

ropics. 


23 (22) Tergites without transvers furrows, samooth or granu- 

lated; body sometises very wide; doraum flat or 

convex. e oT) ec * 2 ® * * . s e * * ° . * * * * * * “ * 24 
24 (25) Femore, and sometices coxa of iegs, bears a pointed 

spine; dorsum convex. Fontariidae atteas 1950. 

Members of this family are usually large and 

brightly colored. Adults have 20 post-cephalic 

somites; males have 30 peirs of walking legs and 

females 31 pairs. Genera and species sre ceter- 

mined from the structure of the mele gonopods. 

Cheamberlin's division of the genus Fontaria into 

several genera will be followed in this key. ... . 34 
25 (24) Femora of legs without a spine. . . . «2 «+ 2 « « + 26 
@G (87) Andi tergite triangular... . 2 234 ee we tt we 2 8B 
27 (26) Anal tergite blunt, quadrate. Family Platyrhechidee 

Pececk 1695. | 

Buryurus erythropygus (Brenét 1841) 


BDorsus dark gray or almost black, red-coral 
spots en posterior median edge of each tergite 
and on posterior angles of lateral carinae; feet 
éull yellow; mslee with SO peirs of legs; females 
with 31; gonopods es in Figure 4; length 30 mu.; 
width 4-5 mm.; adults with 20 post-cephalic somites. 
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46 
Collected in the Duke Forest in June, duly, 
February (Cornwell), October, and November; found 
in logs end in the Ag horizon of the soil; larvae 


with 15, 17, 16, and 19 post-cepahlic somites 
found in October and November (Causey). 


Inéivicuals of this species are often found in 
ups of 10-15 or sore eithin e redius of severe] 
nohes. 
26 (33) Dorsum tuberculate and flat or almost flat. ..... &9 
&9 (32) Adult animais with 19 body somites; males vith 28 
pairs of legs, females with 29. Family Sphaerotricho- 
piGae Atteme 1914.6. 2.450 4. 0)6 © © oe Hoe eee a ew ew BD 
30 (31) Repugnatorial pore surrounded by & round swelling; 
most tergites beer 5 or 6 transverse rows of tubercles; 
length 12-16 cn. 
Seytonotus granulatus (Say 1521) 
Brown, paler below; seach tergite covered 
_- With 4-5 rows of setiferous granules; length 
12-16 mm.; width 1.5-1.7 mm.; legs of fenaie 
one-third shorter and one-half as thick es iegs 
of male; gonopoés es in Figure 5. 
Gollected in Beleigh in February and 
Novenaber (Brimley), et Linville in October, and 
in the Duke Forest in October, Novexber, and 
Decexber (Causey); found in éeeaying logs and in 
the soil in the Ag horizon in pine-harcdwod 
stands; never very numerous; probably generally 
aéistributed over the state. 
Sl (30) Repugnatorial pore surrounded by ea long oval swelling; 
most tergites beer 3 transverse rows of tubercles; 
length 7<12.5 mm. 
Brachyéesmus dux Chamberlin (HS name) 


Brown, paler below; poaterior sergin of most 
tergites: teothed; sescmtles Seyhotus granulatus end 
ngu 


Polydesmus serratus but can be ‘dia shed ¢ith 
certainty by the difference in the shape of the male 
» gonopods (Pig. 6). 


47 


Collected at Durham in and near a bamboo 
thicket on the Woman's College campus in February, 
March, and April (Causey). 


$2 (29) Adult animals with 20 body somites; males with 30 pairs 
i legs; females with S31. Polydesmideae attems 1914. 


Polyéesmus serratus Sey 1821 


Brown or reddish brown; tergites vith two 
rows of elevations or knots, 4 in a row; on 
either side outside these elevations the surface 
is convex; posterior mergin of tergites with several 
denticuleations; gonopods es in Figure 7; size extreme- 
ly veriable; Length 17-35 mn.; width 3-6 mz. 


Collectecé at Raleigh in July and December 
(Brimley), at Lake Waccamaw in September (Causey), 
during every month of the year in the Duke Forest 
bebe Sornvell, Causey), at Silve in November 
Johnson), Sooo Falls in April, at Linville in 
October: (Causey), and on Mt. Pisgah in July and 
August (Wrey); found breeding at Healeigh in May 
and November (Brimley), in the Duke Forest in 
Setober and November (Ceusey), at Soco Fails in 
April, ané at Linville in November (Causey); seldom 
present in Large numbers; often found in sonewhat 
ary pine or pine-herdwood woods. 


33 (28) Corsum smooth and convex; body wide; lateral cearinae 
large, smooth, not serrate. Leptodesmidae Attens 1896. 
Leptodesmus hispidipes (Wood 1664) 
borsum dark, olive brown, sometines with yellow- 
ish spots and a mid-dorsal bisck line; carinae short 
and with edges thickened; feet rough with closely set 
etiff hairs; antennee dark, searcely clavate, and 
coersely pubescent; lest tergite trianguler and with 
long heirs; length 28 mu.; gonopods of the male short 
and thick, with a curved, hairy terminal spine, as in 
Figure 5. . 
Collected in the Duke Forest (Cornwell). 
34 (35) Prineipal blade of gonopods long end coiled. .... . 48 
35,(34) Prineipsl blade of gonopods relatively short and 


eurveé, but not coiled. . . 2 2 eee se ee see e BG 
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36 (37) 


37 (36) 
38 (42) 


39 (40) 


Principel blade of gonopods short, stout, and deeply 
forked at distal end as shown in Figure 9. 
Zinerie virginensis (Drury 1770) 


Fonteria virginensis Bollman 1695. Bull. U. S. Nat. 
us. 46:123. 


Dorsum dilute chestnut; venter, legs, lateral 
carinee, and a narrow band on caudal margins of 
tergites dull pink; collum banded aateriorly with 
pink; sterna have caudal margins produced et sides 
into blunt tubercles; coxeae unarmed; length 30-35 
mue; width 7 mam. 


‘Collected at Raleigh and at Southern fines 
(Brimley). 


Principal blade of gonopods not deeply forked at end.. 38 
Principal blede of gonopods thick, subcylindricel, 
narrows ebruptly into a slender, acutely tipped chitinous 
blade which curves mesad to reach the tip of the blade 

on the opposite gonopod; this blade bears sbout 3 ordie 
nary setee proximally and just beyond this a thicker 
becilliform seta; distal portion of blade glabrous. 
Namnaria Chamberlin 1916. .. 2.6. s.sseess2es. +s 3Y 
Caudal branch of gonopod almost reaches end of main 
branch; it makes a decided double or sigmoid flexure, 

the acute tip bending scross that of the other one, a 
short acute spur et the level of the first flexure on 

the ventral side. 


Nanneria minor Chamberlin 1918 


Dersum suoky brown; carinee yellowish; dark median 
longitudinal dorsal line in posterior portion; antennee 
and legs yellowish; coxee unarmed; length of mele 27 mn.; 
width 5.5 mm. 
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49 
Collected at Raleigh in February and Decenber 
{(Erimley}. Since this species cccurs in Eest 
Tennessee (Chamberlin 1918) it probably will 
be found in the adjoining section of North 
Caroline. Nannarie media Chamberlin 1918 also 
) eceurs in weak Seaneeese. 

40 (41) FPrincipsl processes of gonopods gradually narrowing 
distad, glabrous distal region short end curving 
ebruptly mesad; anterior process slender and extending 
obliquely mesodisteé. 


Nanneria infesta Chamberlin 1918 


Carinae and caudal borders of tergites red; 
elsevhere olive and olive gray; vertigial sulcus 
very deep, extending below on a level with centers 
of antennal sockets; sternites without processes; 
length of male 35 mm.; width 5.5 mm. 

Collected at Crenberry in August (Thaxter). 

41 (40) The acuminate process of the subcylinériceal division 

of the goncpods projects dorsoceph®lad and is much 
shorter than in N. minor and thus far shorter than the 


principal blade. 


Nannarie conservata Chamberlin (HS name) 


Processes on carinee of nineteenth tergite 
extend directly caudal, their ends convexly rounded; 
processes of other carinae becoming more anguler in 
going forward; sternal processes et bases of legs 

ollowing the seventh are short and conical; pro- 
ceases of ooxee of second legs cylindriesl and 
rather stout; length of mele 19 mn. 


Collected in the Duke Forest in November (Causey). 


42 (45) Principal blade of gonopods extends ventred in line 

| with axis cf proximal joint and is but slightly curved, 
not coiled, and bears below middle on mesal side a 
eingle spine or process; proximal joint glabrous or 


neerly so, bearing from mesal side at distel end 4 
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single uncinate process,the apex of which lies in a 

pit or furrow on the mesal side of the main blade. 

Aporiaria Chamberlin 1vzs. he ih ee ee ek eo ee ok oe ee 43 
43 (44) Gonopods as in Figure 26. | 

Aporiaria caroline Chamberlin 1959 
Head and antennae black or searly bleck; dorsum 

solid black except for & yellow spot at each end of 

the ecollum and on the posterior portion of the ordi- 

nary keels; under surface of keels, and sides of body, 

and anel valves black; venter yellow; legs yellow 

except third articles which ere bleck and the fourth 

which are dusky; processes of coxee of second legs 

cylindrical; coxse of other legs and sternites with- 

out processes; iength, male S2 am.; feumsie 36 mm.; 

width 5.2 and 7.0 mm. 


Collected in * i et Soco Fells, near 
Waynesville (Causey). 


44 (48) Gonopods as in Figure. 27. 

Aporiaria genicuista Chamberlin 1939 

Heaé dark above, elsewhere yellow; antennae 
yellow proximally, darker distaliy; dorsum bleck 
or néarly black; keels yellow; narrees yellow bend 
ecross caudal margin of tergites; venter and legs 
yellow; scoxae and sternites vithout processes ex- 
cept the conical ones of the second sternite; 
length 27 mm.; width S mn. 


Collected in april eat Seco Falls, near 
Weynesville (Causey). 


45 (42) Principal blade of gonepods extends cephslad, a little 
curved toward or beyond uiddle of length and expanded 
into & small laminate plate et distal end; a short, 
typically laminate spur teward ite base. Mimulorie 
Chamberlin 1986. .. + sss eseennevsesns sn 46 

46 (47) Gonopods as in Figure 25. 
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$1 
Rimuloris Gucille Chamberlin 1959 


Cersum, head, anc antennae black; labral bor- 
ders of bead yellow; collum with caudolateral 
corners and a transversely clongate median spot on 
anterior border yellow; ordinary tergites trimaculate; 
caudolateral corners of keels ané a transverse median 
spot bordering caudal margin yellow; venter brownish 
yellow; legs light yellow; sternal processes of 
second body somite of male acutely conicel, no pro- 
cesses on other sternites or on the cozee. 


Collected in April at Soco Falla, near 
Baynesville (Caussy). 


47 (46) Gonepods of the Mimulorie type but otherwise than those 
figured. | 
Mimuloria pelior Chamberlin (KG name) 


Colected in the Duke Forest (Pearse). 


Himulorte furfiecer Chscberlin (HS nace) 


Collected in the Plegekh Forest in June (Pearse). 
48 (55, 56) Principal=blede cf gonopods coiled in corkscrew 
teist; szell spur at its base. Apheloris Chenberlin 
DAMAGE. AU Gey CREPES ¥OtT) HELE A9eEt LI ae. } 
49 (50) Gonorods as in Figure 10. 


_ Apheloria coriacea (Koch 15847) 
Fontearie coriacea Koch 1847. Syst. Kyr., p.l4l. 


Dorsum bisekish chestnut; lateral carinae and 
posterior boréer of tergites margined with eae yellow, 
verging to pink, band of verying width; legs end 
venter lemon yellow; coxae and femoree spined; Length 
S8-51 mm.; width 9-li mm. 


Collected in the Duke Forest (Pearse, Cornvell, 
Causey). | 


50 (51) Gonopods as in Figure ll. 
Apheloria aspile Chamberlin 1959 


Head mostly black, but in part brown like the 
antennae; dorsum black with ectocaudal half of keels 
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$1 (52) 


52 (53) 


53 (54) 


54 (53) 


yellow; sides, venter, and legs yellow; length 
41 mm.; wicth 10 um. 


Collected at Soeo Falla in April (Causey) in 
the ig horizon of the soil in deciduous forests. 


Gonopods as in Figure 12. 


Apheloria tigane Chamberlin 1930 


Dorsum black; caudal lateral portions cof keesis 
in the preserved specimens brown, the light color 
extending in a Ilsteral stripe forward along leteral 
border; head black above and brown below; sides, 
venter, and legs Light brown or yellow; form of basel 
epur especielily distinct; length 40 mmu.; width 16 mn. 


Collected at Raleigh (Brimley) end in the Duke 
Forest (Causey). 


Gonopods as in Figure 13. 


Aphelorie unake Chemberlin 1939 


Dorsum, heed, and antennae black; tergites tri- 
magulate, the leteral yellow spots lerge, ocecupying 
eaudal part of keels, the median spot small; collum 
with large leterel spots end on median line with a 
iarge anterior spet and elther no spot posteriorly 
or this represented by @ vague, smell dot; venter 
anc legs yellow; length of male and female holotypes 
39 and 45 um. respectively; width 160 and 11 on. ) 


Collected in august at Hot Springs (Chamberlin). 
Goncpo¢és es in Figure 14. | 
Apheloria waceamene Chamberlin (MS name) 
Doreum gdark brown; lateral carinae and a median 
spot on pesterior 6-5 tergites yellow; venter and 
legs yellow; antennse brown; length of male 37 mn.; 
v idth 9-10 ah « 


Collected in the Duke Forest throughout the year 
(Pearse, Cornwell, Causey). 


Gonopo¢s of the Apheloris type but otherwise than those 


figured. 
Apheloria scholastica Chamberlin (MS name) 
Collected in the Duke Forest (Pearse). 
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Apheloris brachygon Chamberlin (MS name) 
Collected in the Pisgah Forest (Pearse). 


Apheloria acrophor Chamberlin (MS name). 
Collected in the buke Forest (Peerse). 


55 (56) Subapical portion of the main blade of the conopods 
broadly expanded as shown in Figure 15. 


Sigiria scorpio Chamberlin 1939 


Heed and dorsum dark brown; collum completely 
surroundeé by e red border; red border on posterior 
margin of tergites and on leterel and posterior edges 
of carinae; legs red; antennee dark brown; collum 
with light anterior and posterior border connecting 
the lateral light areas; antennae brown; length 36-38 
Bie 5 wiéth 3.5-8 The 


Collected in August between Hot Springs ané Peint 
Hoek (Chamberlin) and in april et Seco Falls (Causey). 


86 (46) Mein biede coiled sigmcidally. Sigmorie Chemberlin 

1939. 
Henbers cf this genus ere large and robust, 

and the principal bdledes of the gonopods are cherac- 
terized by having the blede sigmoldelly curved. of 
the 6 species included in this key, 4 have been 
collected in North Carolina and 2 in Tennessee and 
South Garolina very near North Caroline. Fontaria 


evides Bollman 1693, now included in this genus, 
may 6iso occur in North Carolina. .....+24+e+.. 8? 


&7 (58) Gonopods as in Figures 16 ané 17. 


Sigmoria munda Chamberlin 1959 


Dorsum in preserved specimens dark brown to 
black; carinae yellow; usuelly « narrow caudal 
border on tergites also lighter in color; venter and 
legs light in color es usual; length of male 44 mn. ; 
width 10.5 mn. 


Collected in «4 at Hot Springs and Asheville 
(Chamberlin } e 
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58 (59) 


60 (61) 


61 (62) 


62 (61) 


63 (62) 


Gonopods as in Figure 18. 
Signoria aberrans Chamberlin 1939 


Dorsum black; earinee orange yellow; entennae 
brown; venter and legs in preserved specimens 
yellow; length 30-44 mm.; width 10-11 mm. 

GCollecteé in August st Linville Falls (Chamberlin). 
Genopods as in Figures 19 and &0. 


Sigmoris sconcluse Chanberlin 1939 


Dorsum bleck; carinse yellow-orange; entennae 
Gark brown; legs yellow; length of male 40 mm.; 
width 10.2 mm. 


Collected in August at Aitapass, Tennessee 
(Chamberlin). 


Gonopods es in Figures 21 and 22. 
Sigmoria divergens Chamberlin 1959 
Dersug black; caudal margins of tergites and 

laterel margins cf carinee red; on the sides a red 
line runs fron carinee toe bases of legs; legs with 
first two joints yellow, others pinkish red; caudel 
end anterior borders of collum red; entennmae brown; 
in preserved specimens the reé color ususlly feces 
out; length 40 mm.; width 10 om. 


Coliected in August et Lendrum, South Carcline 
(Chamberlin). 


Genopods eas in Figures 23 end 24. 
Sigmoria marione Chamberlin 1959 

Doraum bleek; cerinae and eaudal boréers of 
tergites yellow; bordere of collum yellow; antennae 
brown; legs and venter yellow; length 40 ma.; width 
16-11 Mas 

Collected in August at Marion (Chemberlin). 
Distal fourth of principal blede of gonopods much 
expanded; basal spine stcut, bifid; two lateral lobes, 


the first trific, the otner bifid. 
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Sigmorie rubromarginate (Bollman 1887) 


Dorsum derk brown; enterlor boréer of ¢ollum 
and posterior borders of all tergites red; lega and 
venter yellow; length of male, 38 mm.; width 10 mn. 
Collected st Balean (Atkinson). 
64 (65) Dorsum rough with deep furrows thet reoult in nuserous 
a Ne a me Ea wp i rk ack thi geht AO 
65 (64) Dorsum smooth except for six setigerous tubercles on 
magn body g@omite. . 6 «+ ne we wee we ew et ll OB 
66.(67) Adults with about 61 post-cephealic somites; length 
35-55 mm.; locomotion very rapid. 
Caliipus iactarius Hisso 1826 
went lacterius Risso 1626. ist. nat. d. Burope 


° 


Spirostrephon lactarius Brandt 1840. Aecueil, 90. 
Lysiopetalum lacterium Packard 1835. im. Nat. 17:558. 


Usuelly ¢ark brown to almost black; about 17 
keels on each somite; preanal seale broadly tri- 
angular; about 115 pairs of legs; length 35-55 mm.; 
width 2-3 mn. 


Collected in the Duke Forest throughout the 
year (Pearse, Cornwell, Causey) in logs or Ag and A, 
horizens of the soil; at Linville in Cetober (Causey); 
t Silva in November (Johnson); Raleigh (Brimiey); 
numerous. 


This millipece is characterized by ite very 
rapid movement and the peculiar odor of tie white 
secretion from the repugnatorial glands. 


67 (66) Adults with 30 body somites; length 1213 um. 
Striearie causeyae Chamberlin 1940 
Gray-brown; posterior half of tergites bear 
prowinent longitudinal keels, usually 15 on each 
somite; last tergite deeply three-lobed. 


Four specimens were collected in the Duke 
Forest in becenber (Causey). 
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68 (69) White or cream; adults ebcut 4 mm. long; width 
6.5 mm.; 28 body somites. 
_ ‘Zynepus dux Chamberlin 1940 


 Fyes crescent-shepe, consist of & ocelli; 
setigerous tubercles prominent; setae lone. 


Only 2 specimens were collected, one in 
ur. C. . Hibberé’s greenhouse, burhen, in October, 
and the other in the Duke Forest in Lecember (Causey). 


69 (65) Light brown; ebout 15 mom. long; 30 body somites. 
ma. Cleidogona caesicannulets (tocd 1865) 


Broad grey annulus enc grey spets on esch tere 
gite; thin longitudinal mid-dorssl line extends the 
length of the bedy; entennee slender, extend to fifth 
tergite; setee pointec, spine-like; length 14-16 mz.; 
width 1.5-1.7 er. 


Collected in the uke Forest in June, July, Sep- 
tember, Cotober, November (Pearse, Cornwell, Causey) 
and at Meleigh in October (Brimley); never very abun- 
Gant but ususlly appears in every collection; 
probably weli distributed over the state. 


Deewa? §$GRNRNOESD OGNOEELOG.. 6. ec a.5 4: nee. ee acces we. en.e Oe 

71 (70) Gonopodse pertly or entirely exposed... . . . . «++ + 76 

72 (73) First five post-cephalic somites bear four pairs of 
legs. 


Spirobolus marginatus (Sey 1621) 


Dark brown; @ darz red band on the posterior 
margin of each somite; tergites finely punctuete; 
eyes subtrianguler and consist of 36-40 ocelli; 
entennae short, curved, lying close to heed; first 
two post-cephalic somites not closed ventrally; 
first tergite with enterior border nearly straight 
and its sides obliquely truneste; second tergite 
hes its sides much produced end bent forwerc so as 
to eubrece the first tergite; anel scale triengular; 
somites 47-57; peirs of legs 86-106; Length 40-116 
tae; width 5-10.mn. ; 
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73 (72) 


74 (75) 


75 (74) 


76 (79) 
77 (78) 
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Collected in the Duke Forest during the entire 
year (Pearse, Cornwell, Causey), at Leke weccamaw ; 
in September, at Bent Creek Camp, neer Asheville, 
in April. (Causey) and June (Pearse); found in the A, 
and Aj horizons of the soil end in logs; eggs found 
in June (Pearse); larval stages found throughout the 
year (Causey). 


First four post-cephelic somites bear three pairs 
of legs. o e a e 7 2 o * * . a e © e * . s > = 7 * @ 74 


Dersum yellow, with a median black line. 


Brechyiulus pusillus (Leach 1814) 


Repugnetorial pores black; eyes trianguler end 
composed of about 40 ocelli; length 12 mm.; width 
0.9 mn. 


Collected at Durham in and near ae bamboo thicket 
on the Yomen s College campus in February, March, and 
April (Causey). 


Dersum brown. 
Diploiulus luscus (Meinert 1368) 
Dorsum dark to pale brown; eyes trianguler, com- 
posed of 17-25 ocsili; exoskeleton shining in females, 


dull in males; length 11-15 um.; males shorter; psirs 


Collected in greenhouses in Durham throughout the 
yeer. 


This especies is reported to be a serious pest in 
some greenhouses, but the writer found no greenhouse 
workers who believe that it does any damage. 


Ocelli few, 4-10 in ea linear series. . . 1. «2 © © « «© TF 
Ocelli 4-6, length up to 56 mn. 
Cambals annulate (Say 1621) 
Dorsum light rosy brown; venter, feet, and 
antennae light; exoskeleton deeply suicate longi- 
tuédinally, resulting in 16 elevated riéges on each 


tergite, except the first and last; collum large; 
gonopots half concealed to nearly concealed, 
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Collecteé in the buke Forest throughout the 
year (Pearse, Cornwell, Causey), at Haynesville 
and near Asheville in April (Causey), at Balean, 
and at Chapel Hill (Atkinson); found in the Ag 
and A) horizons of the soil; reletively comzon. 

78 (77) Ocelli 8-9; Length 9-14 mz. 
Nopoiulus minutus Menge 1851 

Brown, @ lateral row of ovate bleck spots; 
antennae black and white anc es long ss body width; 
three white spots ané a dark band form a triangle 
beteeen the eyes; repugnatoriel pore in the posterior 
Givision of each souite not touching the transverse 
suture; last somite rounded, pilose; emal scale small, 
rounded, pllose; 56-42 somites; 55-77 peirs of legs; 
0.5-0.5 mm. in width; introduced fron furope. 


Collected in the Duke Forest (Causey); mest 
common uncer locse bark of logs. 


79 (80) Ocelli many, 40-80, in a trisnguler or subtrapezoidal 
arrangement; seconé peir cf iegs greatly stunted ins 
both sexes; first yair of legs much enlarged; gonopods 
exposed; gonopeds replace both paire of lege on the 
seventh post-cephalic somite. Perajulus Humbert and 
Saussure 1869. 

Thie genus has recently been saplit into ; severel 
@enere (Chauberlin 1540) on the basis of the structure 
Of the gonopods. . « sae sane eseen vee vncecs » & 
80 (61) Anal spine sharply decurved into a pronounced hook. 
Parejulus cenadensis (Newport 1644). 
Dorsum dark brown, elzost black; sides with «6 


series of yellow, conglomerate spots; iength 25 am.; 


One female collecteé in pine litter in the Duke 
Forest in Septexber (Causey). . 
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61 (80) Anal spine lecking or reduced; if present, it extends 
soareely or not at all beyond the anal velves. .... 88 
82 (83) Anal valves and posterior somite sparsely or not at 
@ll pilose; gonopeds as in Figure 29. 
Parajulus impressus (Say 1821) 


Dorsum chestnut brown; median line black; leterel 
rows of black spots; indistinct rows of large dark. 
spots near base of legs; lateral blotches paler; feet 
pale; all somites striate; 51-55 post-cephalic somites; 
93-97 pairs of legs; length 26-35 mm.; width 1.6-2.2 mon. 


Collected at Raleigh in March (Brimley). 
@3 (82) Anal valves and posterior somite densely pilose. .. . 84 
64 (85) RKepugnaterial pores partly hidden by transverse 
suture, thich is sharply emarginete; gonopods as in 
Figure Gd. 


Perajulus pennsylvsnicus (Brandt 1641) 


Dark brown to purplish black; feet paler; striate 
beneath ond at caudel mergin of each piste; antennee 
dark with all joints white tipped; body slender, rough, 
and densely pllose; most somites with two rows of setae; 
enlarged first lege of male very broad, pilose and 
werkec posteriorly with weclian black line; anel scale 
small, rounded; 55-65 somites; 101-125 pairs of feet; 
length 56-52 mom.; width 1.8-2.5 mom. 


Collected throughout the year in the Duke Forest 
(Pearse, Cornwell, Causey); at Soco Gap Falls in april 
(Causey); and at Realigh in february, March, Hey, and 
Decenber (Brimley); relatively common. 


65 (84) Repugnetorial pore not touching transverse suture, which 
is streight; gonopods otherwiee. ; 
Parejulus ectenes Bollman 1687 


Very @ark brown, almost black, light spots more 
er less confluent asd indistinct; jointe of antennae 
tipped with white; lege brown; somites pilose and 
suleate; anal scale obtuse, anguler; 67 somites; 
length 46-54 mu.; 120-118 pairs of feet; width 1.6-1.6 
Be 
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(88) 
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Collected at Chapel Hill (Atkinson), which is 
the type locality. 


First pair of post-cephelic sppendages modified into 
“noison-claws,”* known eleo as nelapedes, eaxiliipedes, 
er prehensorial appendages. Class Chilopoda 

Latreilie 1808. .'. 2 6 s's + a 8 we vy ere we te we we 
£1 or more pairs of legs; young hateh with adult 

number of lege; neither sex with gonopods. Sub- 

oless Ppimorpha Heese 1680. . ee 89 
15 pairs of legs in adults; young hateh with 7 pairs 

of legs; gonopods lerger in female than in wade 

(Fig. 37). Subclass anemorpha Haase 1536. ... . «L828 


#8 or more vairs of legs. Order Geophilouorpha 


Pocock 1698. * 2 a » ° e al * * ° > . * e * * e . * * gO 


(98) Median piece of labrum large end armed with fringe 


(94) 


(93) 


of teeth or spines; lateral pleces of labrum smell, 
free edges smooth and unarmed (Fig. 31); head small 
as in Figure 33. Subfamily Linoteniinae 
ee sks lege cx-re 1é pidexp lena se 
Claws of prehensors uneresd, conspletousiy excavated 
at proximal end éorsally, doneteicted (Tin. 33d). 
didiebihadan Liman RARE rodcdia dy vote gents to larereh ee 
Head ané prehensors as in Figures 33a and 33D. : | 
| ‘Agothothus gracilis (Harger 1872) 

Yellox; heed and prosternum brownish; prehensorial 
claws long, when closed neerly reeeh front margin of 
head, sparsely hirsute; ultimete article of antennae 


longer than preceding 2; snal legs longer then penult 
legs; peirs of legs in male 77, in female &l. 
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This widely distributed species has been 
collected at Johnson City, Tennessee, so it 
probably cecurs in North Carolina. 

93 (92) Otherwise. 
Agothothus carolinus Chamberlin (KS name) 
Collected in the buke Forest (Pearse, Cornwell). 
94 (91) Claws of prehensors armed within with e single ierge 
tooth, not exceveated proximately (Fig. 34). Linotenia 
Koch 1847. « * a * ¢ « e * os oa . e » *. ° >> « . . . . 6 85 
95 (96) Pairs of legs of male 47-55, female 48-89. 
Linctenia fulvea (Sager 1656) 

Yellow-orange; cephalic plate subtriengular, 
erossed by a faint froentel suture; troed besal plate 
overiaps caudal angie of cephalic plate; last ventral 
Dlate very narrow; numerous nema : pores; length 
25-335 mm. 


Collected et Saluda (Chamberlin) and in the Duke 
Forest (Pearse, Cornwell, Causey). 


96 (97) Pairs of legs 37-45. 


Linotenia bidens (Wood 1863) 


Red-orenge; polished; cephalic plate punectusete; 
prehenscrisl clew with a rether ssell basal tooth; 
coxse of anal legs large with 20 or more irregularly 
arranged small pits; anal legs cf male thick; length 
40-E06 Bike 


Collected in the Duke Forest (Pesrse, Cornwell, 
Causey) and at Kaleigh (Brimley). 


96 (90) Median piece of labrum relatively very sxall; lateral 
pieces ierge; free edge armed with few to many 
spinescent processes (Fig. 32); head longer then 
TARMe ethan bes lacs ce «lieve: ecepthevehé tetera. tents OF 

99 (100) Second maxillse with a very strongly chitinized 


oblique, pleurosternal suture; enal legs have six 
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articles beyond the coxepleureae and are orsed with 
claws. Gubfamily Chilenophilinae Chanberlin 1912. 

Gnathomerium umbricatium (McNeill 1687) 

Head deep orange; body light crange; malapedes 
pllose, with Longer neire mesad, deeply punctuste, 
each with four teeth, the two outer Longer than the 
two inner; lege and tergites densely pilose; 49 pairs 
of legs; ceudal pair of legs slender, scarcely modi- 
fied; length 21 om. 

Collected at several places in western North 
Carcline (Chamberlin, Gausey) and in the Duke Forest 

(Pearse, Causey). 
100 (99) Second maxillee without eny such chitinous suture. 
Subfemily Geophilinee Chamberlin 1912. .. . «+ +. + OL 
10) (106) Prehensorieal feet mostly not extending beyond an- 


terior mergin of head, the joints unarmed within or 


only obscurely sc; last ventral plate mostly wide to 

very wide. Geophilus Leach 1@1l4. . 1. 6 6 ee ee oe oe oh OB 
BOS (106) Frontal plate discrete. . . 2. 6 2 0 & 6 sw to ho wt eh 
103 (104) Goxopleurse of lest leg-besring somite with from § 
to many small pores. 

Geophilus — 1885 


Geophilus virginensis Bollman 1699. Proc. U. &. Nat 

us. ry pe * 

SOO ibis atopleurus Chamberlin 1909. Ain. Ent. Soe. 
re $ e § l 


Usually red, but sometimes pinkish or yellowish 
brown; color fades quicky in alcohol; slender; narrowed 
posteriorly; prehensorial feet. scarcely reaching front 
of heed; cephalic lemine suboval, covering anterior 
angles of basal plete which is four times es wide as 
long; prebasal lemine shows; tergites bisuleate; last 
Ventral plate wide; coxae of anal legs not strongly 
inflated; number of coxopleural pores veriable; 49-51 
pairs of legs; length 35 om. 
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Gollected at Raleigh (Brimley), Marien, 
Salisbury, Hot Springs (Chamberlin), and in 
the Duke Forest (Pearse, Cornweli, Causey). 


104 (105) Coxee of lest leg-bearing somite with two large pits, 
which ere covered by the last ventrei plete. 


Geophilus rubeng Say 1421 


Testaceous; head and prehensorial feet darker; 
souetines 6 black, interrupted band elong the dorsum; 
prehengoriel] claws extend beyond frent of head; >re- 
basal plate exposed; last ventral plate very wide; 
peire of legs of wale 49-50, female 61-53. 


Collected in the Duke Forest (Pearse, Causey); 
occurs under bark of pine trees frequently. 


105 (102) Frontel plate not discrete. 


Geophilus yeriens AeNeillL 1637 


Body yellow, deeper and brighter toward head, 
which is orange; anterior and posterior mergins of 
cephalic plate straight and equal, leterel margins 
evenly curved; antennae plliose; prehensoriel feet 
each with one smell tooth; caudal legs slightly 
swollen; mairs of legs 51-55; length 19 om. 


Collected at Raleigh (Brimley) and in the 
Duke Forest (Pearse, Cornwell, Causey). 


106 (101) Prehensorial feet much exposed from above, extending 
well beyond anterior aargin of head, the joints dis- 
tinetly denticulate within; last ventral plate either 


EOI ORS Ghats be os conch bm eesel hae bowie » ae 


107 (110) Last ventral plate very wide; coxopleural pores 
@geregated and opening into two large pits on each 

side adjacent ey by edge of last ventral 

plate; anallegs clawless, composed of seven articles 
beyond coxapleura. arenophilus Chamberlin 1918... 108 
108 (109) Ventral pores in a transverse area extending across 

each sternal plate, or nearly so, in front of caudal 


edge. 
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4renophilus bipuneticeps (Wood 1862) 


Light orange; head deep orange; prehensoriel 
eppendage armed with four indistinet teeth; peirs 
of legs, wale 61-67, female 63-69; length 46 mm. 


Collected in Durham et Doyle greenhouse. (Causey). 
109 (108) Ventral pores in o wedien circular srea on each sternal 
plate. 
Arenophilus watsingus Chaxberlin 1912 — 


Yellow; head light reddish brown; prehensorial 
claw with a small subteylindrivecal blunt teoth at base; 
first joint of prehensorial appendage with e very low, 
obtuse centicule; ether joints end prosternum unarmed 
(Fig. 36); pairs of legs, male 33-89, fenele 55-63; 
length of male type 27 mu. 


Collected in the Duke Forest (Pearse), Lake 
Weceamaw (Causey), Hot @prings and Brown's Summit 
(Chamberlin). : 


116 (107) Last ventral plate mrimow; pores of coxopleure not 

| aggregated and opening into pits; anal legs with six 
joints beyond coxopleura, anc with clawe; legs 41-47 
pairs. 


Pachymerium ferrugineum (C. L. Koch 1835) 


Grange, Gurk spotted, an interrupted fuscous band 
on the posterior two-thirds of the dorsum; cephalic 
plete punctuate; melapedes pilose, two-tocthed, the 
anterior one black, the posterior one crange and less 
conspicuous; last sternite small; coxopleurum lerge 
and with small round pores; anal pores present; first 
fir of feet as lerge as the second; pairs of legs 
mn male 41-45, in female 45-47; length of male 20- 
25 mm., female 50-55 mm. 


Collected in the Duke Forest (Pearse, Cornwell, 
Causey). 


1ll (69) Pairs of legs 21 or 23. Order Scolopendrozorpha 
Daekaw i PHNSE? Bae ON 6 MR pw WA OCR ay e  he s UR 
11S (119) Pairs of lege 81. 2 + ee ee ee ee ee es 113 
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113 (116) HZyes present, composed of 4 ocelli; tarsi of all 


114 (115) 


115 (114) 


Legs triertioulete., 2 ci 2 6 see Be wee Bowe LL4S 
Second tarsal joint of ell legs unarmed; anal legs 
armed with 9-12 spines; antennae composed of 17 
articles, pubescent, swollen at base. 

Seolopendre woodii Meinert 1886 


Body yellow-brown, more or less varied with 
reen; head and antennee blue-green; distal tip or 
wo-thirds of legs blue-green; reusining part of 

legs creamy white or light tan; fisst tergite vith 
a transverse suture near anterior margin; length 
46-60 TE « 3 width 3.7-4.5 Em. 


Collected at Raleigh, Beaufort, Southern Pines 
(Brimley) and in the Duke Forest (Pearse, Gray 
Cornwell, Causey); females found in logs with 12 
eggs duly 12, 1939, end with 17 white larvae, July 
oe 1959; often found in Ag and A, horizons in the 
soil. 


Second tarsal joint, except on anal legs, armed; anal " 

legs moderately short and stout, with 10-18 spines; an- 

tennee composed of 23 articles, generally not pubescent. 
Seolopendra viridis Sey 1622 


Greenish brown; feet pale; cephalic tergite 
broadly ovate, sparsely punctuate; anal legs sub- 
cylindrical, rather robust, armed with 10-19 spines; 
first body somite smallest, the third the next 
smallest; tercites frequently bordered posteriorly 
with derk green or soretimes yellowish green; 
posterior fest occasioneslly tipped with blue; some- 
times a derk longitudinel mid-dorsal stripe; length 
51-70 mm. 


Collected in the Duke Forest (Pearse, Cornwell). 


116 (113) Eyes absent; tarsi, except those of penultimate and 


117 (118) 


abhi’ logs, biartiouletes: 2. 6s Ml eha S WM. ALUP 
Anal legs very thick and short, tips cross, basal 
part without spines. 
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Theatops posticus (Sey 1521) 


Orange; finely punctuate; head polished; feet 
lighter in color; lest tergite very lerge, quadrate, 
larger than preceding tergite; length 36-50 mm.; 
wieéth Be Bed fm. 


Collected at Raleigh, Greensboro, Henéersonville 
(Brimley), Mt. Pisgeh in duly (Wray), and the Duke 
Forest throughout the yeer (Pearse, Cornwell, Causey); 
gp eet bark of logs and in Ag ené Aj, horizons in 

He Bide } 


116 (117) Anel legs bear many short spines ané sre twice as 
thick end almost twice as long as any other legs, 


almest parallel. 


Cryptops hyalinus Say 1621 


Pale orange-yellow; smooth; flet; two longi- 
tudinal lines; head and entennsae ferrugineous; 
length 12-17 Bile j width 0.91.1 IEG e 


; Very common in the uke Forest under bark of 
logs and in Ag and A, horizons of the soil; collected 
in April st Seco Falls (Causey) end at Raleigh 
(Brimley); probebly well distributed over the stete; 
eges found in Mey in the Duke Forest. 


Date? BMLOR OS LORO Ess «4 ee eee ee me le fw wh 8 ee 
1206 (121) TerBi of anel legs densely hirsute; dorsum olive 


brown; head, first, and last somites reddish brown. 


Ssolopocryptops nigridus MeNeill 1887 


Antennae brown and sparsely hirsute; caudel 
lege with first tersal joint sparsely and second 
and third tarsal joints densely pilose; median 
anterior margin of prehensorial plate slightly 
convex and with e thin black margin; no teeth on 
coxae; length 26-40 mn. 


Collected et Kaleigh, Chapel Hill (Brimley), 
end in the “uke Forest (Causey); not common; occurs 
) chiefly in the Ao horizon of the soil and in logs. 
el (120) Tarsi of anal legs not densely hirsute; bright. yellow 


or redéish crenge. 
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123 (124) 


124 (123) 


67 


Otocryptops sexspinosus (Say 1621) 


Last tergite broed, but narrowed behind; 
engl legs long, smooth, femora vith one or two 
Conspicuous spines mesad; entennee yellow, hirsute; 
meGian entericr mergin of prehensorial plete nearly 
straight; small tooth at base of prehensorial coxee; 
length to 75 mam. 


Collected ét Raleigh, Chapel Hill, Southern 
Pines, Salem (Brimley), Silva (Johnson), Linville 
(Causey), Mt. Pisgah (Wrey), and in the Duke Forest 
throughout the year; found in the Ag and Aj horizons 
of the soil and in logs. 

This is the largest and one of the most common 
centipedes in the state. It bites readily with the 
*"poison-claws,”* and the poison secretion causes a 
peinful irritation that may last two éeys. 

Tracheee open through paired spiracles located in 

the pleural region of a variable number of post- 
eephalic somites; antennae and legs moderate or 

short; eyes simple cr absent. Créer Lithobilomorpha 
Poocek 1895. s o — e * * . a > . = * e * — > . * co os 123 


A single ocellus or none; posterior angles cf no 


dorsal plates produced; a tibial spur usuaily on all 


legs; no true articuler leg spines; anal pores present. 
Family Henicopidee Pocock 1901. 
Lamyetes pius Chamberlin 1912 

Dorsum brown legs yellowish; entennee composed 
of 26 or 29 articles; each eye consists of a single 
ocellus; prosternal teeth 3 - 3, the cuter one re- 
duced; coxal pores 2, 5, 3, 3; body covered sparsely 
with short hairs; length 7.5-9.5 ma. 

Collected at Hot Springs and Asheville (Cheasberlin). 
Oeclli either absent or in a group of several to many 
on each side; legs bear articuler spines; no snal pores 


in adults. Superfamily Lithobicidesa 1917. 


pig! eu si or) oe 
Gy te) ae 4 
hae 5 “S oy ‘the: Eee: ‘<= a 4a 


~ 


5 
i War 
o t * # 
» Ota ue ss . pet Rte 
4 
be 4 a N wat we f 
) 1 Wy ot bh) wn ie he 
. 
1G 
BG 
_ e % 
, o> 
1 
2 2 Ml 
wet 
» 
% , 
Ana ‘ Af; ¥ib QuRG t i 7 4 be Lanes eit BS | 
¢ ‘ ‘ cm y be “ My 
iy ¥ og ect meat ey eT Oe FC Sa 
rey r 5 
e405 Ps) ad o ‘ . ; ‘ 4 0 be 
, » a a ad 
¢ os aN ‘ vey, a) mA ; 


a4 dae ah a 
” » + ry 
‘ / et oy ns 1 ao ' oS ym ie 


sighs Hoge iw 


S 
oe ae here Deby 


acer chikecind® att Aarne 


6p ty, 
Bare mas ere a 
pat » & " Ate Ah AY Raia aT Fr" iia Hoke sre | 
het nina ere bee ed) Rami 

“a > *_ 


AES Bet ag tie: ‘ott 
at 


Yinka. Reatioe "a hee te S & ‘Be wt 


¢ ¢ 


gale BBS oD Se rg | ts Et bad 


pie ahs saprt ens bry ihigal RM. Cee porn Aine tis 


| ya iit oor 


i 


68 


"The spines borne upon the legs of the 
members of this family are important in the 
disgnosis of species. It is customary to 
enumerate those occurring on the ventral aspect 
of the firat, penult and ultimate pairs, those 
found at the distal ends of the joints from 
troohenter to tibia inclusive being listed in 
order; thus, 1, 3, 3, 1, where trochanter bears 
one, prefemur 3, femur 3, and tibia 1 (Fig. 36]. 
The number and arrangement of the ocelli is aleo 
of importance in the discrimination of species. 
it is advantageous to give the saumber of horizontal 
series in which the ocelli fall and to enumerate 
the number of ocelli in these series in order from 
above ventred. There is commonly a large single 
ocellue e little caudad of the malin group which is 
separately reckoned; e.g. 1 and 5, 8, 3, 2. The 
number of proeternel teeth on the two halves of 
the prosternum is indicated by the appropriate 
figures sepurated by ea dash; e.g., S-3, where the 
number of teeth on each side is three. 


In meking use of the keys in the present 
paper eare must be taken to make sure that speci- 
mens are fully adult." Chamberlin 1910e, pp.368- sal 
369. s @ . * o * * s ° * a te * c * * ® * * e * ? e . 2 


1265 (126) Coxel pores in several series. Family #thopolidae 
Chamberlin 1915. 


| Bothropolys multidentatus (Newport 1545) 


sbpbeblic ui tive. tatus Williams and Hefner 1928. 
CG - 4 : be 


Color varies from light yellowish brown to deep 
read; antennes composed of 19-24 articles; ocellil 25- 
40 be 7-8 series; prosternal teeth 7-7 to G-8; coxal 
pores numerous, emeall, round, in 3-5 series; pos- 
terior angles of 6, 7, 9, 11, and 13 doreal pletes 
_ produced; Length 15-27 mm. 


Colleated at Chapel Hill (Atkinaor), Raleigh 
(Brimley), Catawba (Chamberlin), Linville (Causey), 
and in the Duke Forest throughout the year (Pearse, 
Cornwell, Causey). 


126 (125) Coxeal pores in a single series. . 2. 1. 6 + 0 © © © © LB 


127 (188) Claw of female gonopods entire, long, end strongly 
curved. Family Cosibiidee Chamberlin 1915. 
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Arenobius manegitus (Chamberlin 1911) 


Dorsum brown; antennae short, composed of 20-23 
articles; ocelli 10-15 in 3-4 series; prosternal 
spines very stout, greatly exceeding teeth in size; 
posterior angles of 9, ll, end 13 dorsal pletes pro- 
Guced; anal and penult legs of males thickened and 
furrowed longitudinally; length 15-17 mm. 


Collected at Hot Springs, Catewba, Saluda, and 
Linville (Chamberlin). 


Claw of female gonopods bi- or tri-partite. Family 
Lithobiidae Chamberlin 1915. ....2.«+sses2e«-+-e+ce Le 
&4ntennae composed cf 20 articles; prosternal teeth 


2-2. ce a e ® ° o a ° . 2 J ~~ . * s . 2 2 . . o o 3 1306 


130 (155) Medien incision of prosternum V-shaped; posterior 


131 (132) 


152 (131) 


133 (154) 


angles of none of dorsal plates produced; coxae 
pores 2, 5, 3, 2, to 3, 4, 4, 3, small, circular; 
@ smell crest of sensory setae at distal end of 
tibie of enal legs of mele; occurs chiefly under 
bark of logs. Garibiue Chamberlin 1913. ....-e- i131 
Ocelli 6-S, in 4-5 series. 
Garibius brenneri (Bollman 1888) 


Light brown; prosternal teeth 2-2, small; 
coxal pores 2, 3, 3, 2 to 3S, 4, 4, 3; spines of 
femslie gonopocs slen¢er, subequal, outer toothed; 
length 5-10 mm. 


Collected at Catavbe, Brown's Summit, Asheville 
(Chamberlin). 


Gcelli about 14 in 3 series; coxeal pores 3, 4, 4, 3, 
emell. = e S — > oO ° ao w = +e a 3 e s * e = * . . . Lod 


Dorsal spines of anel and penult legs i, 0, 2, 1, 0. 
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134 (133) 


135 (130) 


136 (137) 


. 70 
Garibius cetewbae Chamberlin 1913 


Dorsum light brown, legs and venter pale, 
tarsi darker; spines of twelfth legs 


Gata tak length 8 mm. 
2 Ys &, S, 
Collected at Setawba (Chamberlin). 
Dorsal spines of anal legs 1, 0, 2, G, 0; of penult 
iege 1, ©, 2, 1, 0. 
Garibius monticolens Chamberlin 1913 


Dersum light brown; heed somewhet orange, 
legs pale, tarsi darker; spines of twelfth legs 


pee length & mm. 
. °S We Pe 


Collected at asheville ané Brown's Summit 
(Chamberlin). 


Median inelsion of prosternum semicircular; posterior 
angles of 11 and 13, or at least 135, dorsal pistes 
more or less produced; coxal pores @, 2, 2, 2 to 

&, 3, 3, 3, very amall, circular; &@ gisll but con- 


spicious lobe on distal end of tibia of penuit legs 


of mile. Nempabius Chamberlin 1913. .....e.-. 136 


Third joint of twelfth legs unarmed dorsally; dorsal 
spines of twelfth legs G, 0, 0, (1), 1. 
Nampeblus parienus Chamberlin 1913 


Dersum yellow-orange; antennae orange; legs 
pale to bright orange; eyes composed of 5 or 6 


' gcelli in @ series; spines of anal legs 


Sue, 2 elaws; of the penult 


+ ’ 5 ’ 

pe ee ae fa an eae Pas aT 2 claws; of the 
» 4, 1, 1, GprO, 1, &, i, 

thirteenth 0, 0, &, 0, 0; length 6.5 mm. 


Collected at Hot Springs (Chamberlin). 
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137 (138) 


138 (140) 


139 (140) 


140 (141) 


71 
Third joint of teelfth legs armed Gorsally with 


one or two spines. a * os * ° - . . n * . a . . © o 138 


Dorsal spines of twelfth legs 0, 0, 2, 1, 2. 
Nampebius virginiensis Chamberlin 1915 
Dorsum dark red-brown; legs pale yellow to 


orange; eyes composed of 6 or 7 ocelii in 2 series; 
spines of anel and penult legs cance oan of the 
2 1 0 A s ? $ 
5 bd] 


thirteenth CE Length S mm. 
bi ? 


Collected in the Duke Forest under pine berk 
(Pearse). 


Dorssl spines of twelfth lege 0, 0, 1, 1, 2 or 
o,. 0, z, 1, Le ‘ 
Nanpabius carolinensis Chamberlin 1913 


Dersus yellowish; head reddish crange; eyes con- 
posed of about 6 ocelli arrenged in 2 series; spines 


of anal legs 0,2, 9 Oo 2 claws; of penult 
» b ' > 


Q,.0, 2 | claws; of thirteenth ee 
length 6.5 mu. hh eeghm: 

| Collected in Decenber in a compost hole on 
buke University campus (Causey). 


Dorsal spines of twelfth and thirteenth legs 


‘0, O, 2, 1, 0; of the eleventh 0, 0, 0, 0, l. 


Nampabius longiceps Chamberlin 1913 


Dersum brown; head reddish; legs ané venter 
pale; eyes composed of 7 or & ocelli in 2 series; 
eoxel pores 2, 3, 3, 3, 7 sasll; spines of 
anal and penult Leos REEL, 2 claws; of 


the thirteenth Qa G. 3. b. 0; length 6.5 tm. 
s * , +] 


Gollected at Asheville (Chamberlin). 
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141 (140) Gther species of Nampablus then those described. 
Nampabius mycophor Chamberlin (MS name) 
Collected in the Duke Forest in September (Causey). 
Nampabius waceamawus Chemberlin (MS name). 
Collected st Lake Waccamaw in September (Causey). 
~ 142 (129) Antennas composed of 19 articles. 


Nempablus lundii (Meinert 1586) 


Brown; ocelli consist of 6 or 7 ocelli in 3 
series; ceoxeal pores 2, 3, 3, 2; length 6.5 mm. 


Collected at Asheville and Hot Springs 
(Chamberlin). The position of this centipede is 
somewhat doubtful. 
143 (129, 142) 21 ox more antennal articles. .... «ss ++ Lae 
144 (163) One or more segments in the 15 or in the 14 and 15 
2@e Turreowead. « sc ce te ewe ee ee ew le tl lle | CR 
145 (156) Posterior angles of no dorsal plates produced con- 
Poe ee ee ee a en ee ee 
146 (147) No ocelli; but « darker spot at the place vhere 
they normelly are. 
Typhlobius coeecus (Bollman 1888) 
Orange; head end last somites dark; sparsely 
pilose; head longer then wide; antennae consist of 
26 short joints; coxeal pores 2, 3, 4, 3, or 3, 3, 3, 3, 


round; claw of female gonopod long, bipartite, spines 
slender, inner shorter; length 6.511 mm. 


Collected at Saluda (Chamberlin). 
+147 (146) Ocell4 wresente 2 2 6 se te mee mee ee we fe 
148 (153) Prostemel teeth 2-2, or occasionslly up to 4-4. . .149 
149 (188) 8-14 ocelli, usually arranged in 3 series; antenanse 

| consist of 25-35 articles; spines of anat legs 
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Oo, 0, 3, 1, or 0, 0, 3,1, 1. £=Tidabius 
Chamberlin 1915. . 2. 2. 2 ee es se © ee we we ww wo ew ow 1H 
VYentrel spines of anal legs 0, 1, 3, 2, 0. 
Tidablus suitus (Chamberlin 1911) 


Lithobtius cantabrigensis var. suitus Chamberlin 1911. 
Ann. Ent. Goc. AMET. 4:41. 


Dorsum brown; antennae purplish to yellowish 
brown; legs and venter pale; entennae composed of 
29 to Sé articles; cozal gores 2, 3, 5, #2 to 
3, 4, 4, 3; eyes composed of Geil ocelli in 2 or 3 


series; Pe of thirteenth legs ct esto of 
0, 3, 1, 6 er 6, S, | oO. 


of the anal 0,9, 2, : Nw 2 claws; length 7-9 um. 
> 5 E 


? 5 
Collected at Hot Springs (Chaaberlin). 
Ventral spines of enal legs 0, 1, 3, 1, OG. 
Tidabius tivius Chamberlin 1913 


Doreum vicolaceous or gray brown; legs end 
venter pale; antennae composed of 25 to Sl articles; 
coxal pores 2, 3, 4, 3 to 3, 4, 4, 3; eyes composed 
of 10 or ll ocelli in 3 ie spines of the 


thirteenth lezs She bane lane “a 
bi 
penult 9.0, 3. 1. 0, of the enal 0,0, 2,0, a 
> ’ SI 7 


2 elars. 
Collected in the Duke Forest (Pearse). 


; of the 


Ocelli 6 to 9, in 2 cr 3 series, antennae usually con- 


sist of 24 articles; spines of anal legs 1, 0, 3 0 H 
of penult lege gy bee Sed 
p +o Sp &, 2, OF VU, 1, O, E, 


Pampibius peitus (Chemberlin 1911) 


Doraum pale brown; head darker; caudal legs 
bright yellow; prosternal teeth 2-2; coxal pores 
8, 4, 4, 3 tol, 3, 3, 2, small; in enal legs of 
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153 (156) 
154 (155) 


155 (154) 


186 (157) 


187 (156) 


Lh) 


74 
male the fourth joint is strongly swollen and pro- 
vided at proximal end with a lobe on dorso-mesal 
surface from the posterior surfece of which springs 
@ dense brush of hairs which projects beyond the 
eaudai end of the joint; length 6.5-7 mm. 

Collected at Catewbe (Chamberlin). 
Prosternal teeth 8-5 OF MOPS. 2-2 8 0. 8 #6. 8) e  e.» @ 154 
Dorsal spines of second legs 0, 0, 3, 2, 1; ventral 
spines of first legs in adults usually 0, 0, 2, 5, 8; 
claw of female gonopods mtire. 
Sozibiws providens (Bollman 1857) 

Light brown to yellowish; head darker; posterior 
legs yellow; antennae conaist of 26 to 35 articles; 
ocelli 9 to 15 in 4 or 3 series; prosternal teeth 
55 to 7-7; eoxal pores S, 4, 4, 53 to 5, 6, 6, 4; 
length 11 to 14 mm. 


Collected in the +uke Forest (Pearse, Cornwell, 
Causey). 


Dorsal spines of second pair of legs 0, 0, 2, 2, 1; 
ventral spines of first legs 0, 0, 2, 2, 1; claw of 
female gonopods either bipartite or tripartite. . ‘ 156 
Last pair of coxee alone laterally arned; first five 

or eix peirs with third joint bearing but 2 dorsal 
spines. | 


 Segibius pennsylvanicus Chamberlin 1922 


Light to derk brown; head ané first dorsal 
plete darker; posterior legs bright yellow; an- 
tennae 27 or 86 articles; 9 to 15 ocelli in 3S or 
4 series; prosternal teeth mostly 5-5; coxal pores 
2, Se 3, 2 to 3, 4, 4, 43 length 8 to 10 Bihie 
Collected in the Duke Forest (Causey). 
Last 2 pairs of coxee laterally ermed; only the first 
3 or 4 pairs of legs with but 2 dorsal spines on third 


joint. 
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187 (160) 
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Sozibius tuobukus (Chamberlin 1911) 


Light brown to yellow; posterior souites 
darker; posterior legs yellow; antennae consist 
of 25 te 30 articles; 9 to 16 ocelli in 4 or 3 
series; prosternal teeth 5-5 or 6-6; coxal pores 
3, 4, 4, 3 to &, 6, 6, 5; length 9 to 13 ma. 


Collected et Brown's Summit, Linville Felis 
(Chamberlin), and in the Duke Forest (Causey) in 
December. 


Fosterior angles of 9, 11, 15, and sometimes 6, 7, 9 
Gorsel plates with produced. 
Paitobius Chemberlin 1912. 

Prosternal teeth g-2, of which the inner one 
on each side is always borne conspicucusly farther 
forward than the outer, the line tangent to épices 
of teeth curving cephalad from sides to middie; 
spine at ectad angle bristle-like; anterior margin 
narrow. 


Paitobilus dux Chamberlin (HS neme) 


Collected in kr. C. HN. Hibdberd's greenhouse, 
Durham (Causey). 


Peitobius diversus Chemberlin (NS name) 


Collected from a pine log in October in the 
Duke Forest (Causey). 


Paitoblus eutypus Chamberlin (MS name) 

Collected at Linville in Getober (Causey). « « AST 
Posterior angles of 6, 7, %, 11 end 13 dorsal pletes 
produced; ventrel spines of anal legs “i 3S, 8, 1; of 
penult 1, 3, 5, &. 

Paitobius arienus (Chamberlin 1911) 

Brown; enal lege purplish brown; antennee con- 

sist of 32 to 34 articles; ocelli 14 to 20 in 4 or 


$ series; coxal pores 3, 4, 4, 3 to 4, 5, 5, 4; 
length 10.5 to 11.5 mm. 


Collected at Hot Springs in august (Chemberlin). 
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160 (161) Posterior angles of 7, 9, ll, and 13 dorsal plates 


161 (162) 


162 (161) 


163 (144) 


164 (167) 


produced; ventral spines of anal lege 1, 3, 2, 0; 
of penult l, 3, £, he 
Paitobius caroline (Chamberlin 1911) 

Yellowish to dark brown; antennae usually con- 
sist of 30 to 35 articles; 11 te 16 ocelli in 3 or 4 
series; coxel pores 3, 4, 4, 3 to 4, 5, 4, 3; length 
7 to 7.5 wn. 

Collected at Asheville (Chamberlin). 
Posterior angles of G, 11, and 13 dorsal plates pro- 
Guced; ventral spines of enal legs 1, 3, 2, 1; of 
penult Ly oS, S, Be 

Paitobius nelwatus (Chanberlin 1911) 

Light to derk brown; often purplish; antennae 
of 32 to 36 articles; ocelli 10 to 16 in 3 or 4 
series; coxal pores 3, 4, 4, 3 to 5, 6, 5, 4; 
length 9-13 mm. 

Gollected at Salude (Chamberlin). 
Posterior angles of 11 and 13 or of none of dcrsal 
plates produced; anal leg with two claws. 


Paitobius azinus (Chamberlin 1911) 


Brown, Violacecus tinge; antennae of 28 to 35 
articles; ocelli li to 16 in 3 or 4 series; coxal 
pores 2, &, &, 2 or 3, 4, 4, 3; length 7.5 to 10 mn. 

Collected at Brown's Summit (Chamberlin). 
Segments in the fourteenth and fifteenth leg pairs 


seldom furrowed; if so, only in the male; prosternal 


76 


testh more then 2-2. ° e * o " * ? * s . 2 s bad a a 164 


Posterior angles of 7, 9, 11, and 15 dorsal plates 


produced; fourth article of anal legs of male specially 


thickened end with its dorsal surface or else the 
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77 
entire article bowed ventrad; prosternal teeth 5-5 
te 10-10; coxel pores mostly transverse; length 17-. 
30 um. Neolithodius Stuxberg 1675... ...... 165 
(165 (166) Penult legs with but one clevw. 
3 Neolithobius mordex (L. Koch 1862) 


bersum brown, entennae pale; legs and venter 
testaceous to derk brown; eyes composed of 27 to 
SO ocelli in 6 to 8 series; sntennee composed of 
S5 to 39 articles; coxel pores 6, 6, 6, 5 to ll, 11, 
11, 9; length 26-30 mm. 


Collected in the Duke Forest (Pearse). 
166 (165) Penult legs with 3 cles. 
Neolithobius latzelii (Meinert 1686) 


Dorsum derk brown, antennae brown, legs and 
venter testacsous; 35-47 ocelli in 7+¢ series; antennae 
couposed of Sl-34 articles; coxal pores variable, fre- 
quently 5, 6, 6, &, elliptic and circular; length 16- 
1S mm. 

Collected at Brown's Summit (Chemberlin), Chapel 
Hill (Atkinson), and in the Duke Forest in Septender 
(Causey). 

167 (164) Posterior angles of only the 9, 11, and 13 dorsal plates 
produced; enal iegs cf male not conspiciously modified; 
prosternal teeth 4-4 to 10-10; coxal pores mostly trans- 
verse; length 11.6 to $0 ma. Lithobius Leach 1615. . 168 

168 (169) Length 18-30 mn. 


Lithobius forficetus (Linne 1756) 


Dereum brownish yellow to chestnut; e median 
dorsal paler line; antennae and venter brownish 
yellow to chestnut; eyes composed of 22-40 ocelli 
in 5-S series; antennae composed of 36-49 articles, 
pubescent; prosternal teeth 5-5 to 7-7; coxel pores 
6, 6, 6, 5 to 12, 12, 10, 10, large, elliptic to 
@limest circular (Fig. 35) 


Collected et Releigh (Brimley); Asheville, Hot 
Springs (Chamberlin); the buke Forest, and Mr. C. Ne 
Hibberd's greenhouses at Durham (Causey). 
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169 (170) Length 11.5 to 15 mn. 


170 (169) 


171 (122) 


Lithobius atkinsoni Bollman 1687 


Déreum end antennae yellowish brown to cheat- 
nut; venter and lege yellow to light orange; eyes 
composed of 13 to 23 ocelli in 3 or 4 series; an- 
tennae composed of 21 to 33 articles; prosternal 
teeth 4-4 to 7-7; coxal pores 5, 4, 4, 3 to 6, 7, 7, 5, 
eirculer or elliptic. 


Gollected at Balsam (Atkinson). 
Otherwise. 


Lithoblus sapheles Chamberlin (MS name ) 


Collected at Linville in Oetobver (Causey). 
Tracheae open through 7 unpaired spiracles arranged 
along the median dorsal line; antennae and tarsi 
much elongated; eyes compound. Crder Seutigeromorpha 
Pocosk 1695. 

Seutigera ccoleoptrata (Linnaeus 1759) 

Pe eT ores Méinert. Proc. Am. Phil. Soc. 


7 Color variable, olive green to greenish yellow, 
with median blue, green, or black lines; lateral 
interrupted lines; length 16-28 mm.; width 5-4 mm. 


GOceurs in cellars, basements, dark corners of 
houses, and oceasionally under stones, logs, or bark 
of trees near buildings. 
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ECOLOGICAL CBSERVATIONS AND EXPTRIMSNTS 


A Quadrat Study of the Distribution of Myriapods in the 
Duke Forest 

The author decided upon the quadrat method for collection 
of myriapods in the Duke Forest because it, if correctly followed, 
furnishes a background upon which to work out some of the problens 
concerneé with distribution and density of myriapod populetions. 
There is no record that the quadret method as ever been used be- 
fore for myriepods. FEriters usuelly list species end give the 
loecelities of collections; some (Verhoeff 1950) heve given an 
iéea of the density of population by recording the number of 
specimens collected within a stated period of time. 


1. Methods 


Quedéret collections rere made in the Duke Forest during 
Cetober, November, and December, 1959. The precipitation curing 
those months, as reporteé by the Durham, North Ceroline, weather 
station, was 2.24, 1.41, ané 2.05 inches respectively. This | 
represented a total departure of 2.77 inches below the average 
of the 19 year record. 

The principal cover types in the Duke Forest vere classified 


on the basis of the overstory trees as follows: pine, composed 


‘rain me A, 1%: may penta eh ai 1a0m aie ate 


oe ae Bile of kde ty OA whe ett tid Pere A Sd te Coweee 4 
‘Sustey sted 

ialpee lige: “Os hanes Nes hienyg, wee age bpd toe, 
pearokivo?® giteetiog Th. tk imuaid gotet eayt ods abee 
ero ese Re ane Pe decay od dod oegal dae | , 
ns pallens -clebiter. Le (eiaads ‘i ake tebe te a 
met ves? nid | Kee ea. Rodden ¢etdagp mS loll eae ! 
EY arte: “Bh uaehopye worl viteiad-@ etod Da o @ bok 

So coats olive (OR Ate osey:) etia peor st oak ae 

ich ma } ari cht, SaaS. yA os act ah to wt . 
het Yo ho beag depate a abed be eee 


ehodsem. oI 


gidTa® fastot eu) eit al 66 ee een eaolton Loee a 
Kiigeh webvotiqtorwng aff /RBCL. eedasent, td Pees 


resto eaoiioied deol i maetiiod of Yd COPE 
*y i P 5 Cf) ARO | 


eat ELovigowucew ca@aik Gigs) vp pda od 


AD 
i 
a 


eputeva wilt wodod wedont T9.5 to Ot neihye Viaed 


ok 


nated rem frets oman wits a! 89, id) sabe 
dt Lavy 


ahcciahe ate peu i20% im ian aa 


} i a 


80 
chiefly of Pinus taede and ». echinata; pine-hardwood, pre- 


dominantly pines and osks and red gum; upland hardwood, chiefly 
Several species of oaks; and bottomland hardwood, usually red 
gum and yellow poplar or river birch and sycamore. 

The quadrats measured 1.56 m by 1.5 m. Hach one was located 
at @ place that was typical of a perticuler forest type. The Ag 
horizon, or litter layers, and the A, horizon of the soil to a 
depth of S om were carefully examined for the presence of myrie- 
pods. HKeecordés were kept of the soil layers from which all 
myriapods were collected. 

. Records of the following physical conditions were taken at 
each aquadrat: air tempereture 0.5 m above the ground, soil tem- 
peratures at depths of 3 em and & om in the A, horizon, end 
hydrogen-ion concentration (with « Hellige soil tester) at a 
depth of S cm in the A) horizon. Samples of the A, horizon from 
& Gepth of 5 to 7? om were taken to the laboratory in tightly 
closed tin boxes and dried at a temperature of 95° © two weeks 


in order to determine the moisture content in percentage of oven- 


dry weight « 


2. Observations 


The cover type in which each quadrat was located is given in 
the following list; the series of numbers represent temperatures 
in degrees centigrade of (1) the air st a height of 0.5 m from 
the ground, (2) the A, horizon of the soil at a depth of 3 om 
and (3) 6 om, and (4) the moisture percentage of the oven-dry 
weight of the Ay horizon at a depth of & to 7 Ch. 
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Quadrat 1. Pine-herdwood; litter mainly from bardwosd 
trees; sandy soil; 17.0; 15.0; 14.0. 

Quadrat 2. Uplend hardwood; soil very rocky; ground well 
shaded, sovered with much moss and few leaves; steep hillside; 
16.0; 15.0; 14.0; 44.9. 3 

Quacret 3. Sycamcre-dogwood-tulip poplar flood plain; 
no F and H layers in the litter; soil fine, very compact; 21.0; 
16.0; 14.0. 

Quadrat 4. Fine-sycamore stand; soil rocky and herd; 21.0; 
17.0; 16.0; 56.6. 

Quacreat 5. Pine-hardwood, pine predominated; 3.0; 11.0; 
12.5; 16.9. 

Quadrat 6. Pineehardwood, pine predominated; 9.0; 11.0; 
12.0; 15.0. 

Quadrat 7. Bottomland herdwood; ground covered by ¢rift 
of haréwoee limbs, twigs, and leaves from 12 te 30 om thick; 
soil sandy, packed; 8.5; 9.9; 9.7; 38.2. 

Quedret S. Pine-herdwood; 15 = from Quadret 7, 4m higher, 
end above the level ususily flooded; thin litter layer; soil 
rocky; &.5; 10.0; 10.1; 57.1. 

| Quadret 9. Uplenc hardwood, mainly scrub oaks; Litter 
layer ebdout & om thick; soil rocky; 11.3; 10.0; 9.0; 18.2. | 

Quedrat 10. Uplané hardwood, meiniy elm, cek, and hickory; 
litter layer about 10 om thick; clay soil; hilltop; 11.5; 10.2; 
9.8; 25.1. 

Quecret ll. Pine-hardwood; litter thin; soil rocky; hilltop; 
11.8; 10.0; 9.2; 17.8. 
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Quedrat 12. Pine-hardwood, pine predominated; gently 
sloping hillside; loose sandy loam; 9.0; 7.0; 7.0; 17.4. 

Quadrat 15. Pine-herdwood; about 95 m from Quedrat 12; 
mixed litter, but fewer pine needles than in the litter from 
quecret 1é; sandy loam; 9.0; 7.4; 7.2; 15.3. 

Quadrat 14. Pine stand about twenty years old; litter 
about 10 em thick; sandy soll; 11.0; 10.0; 7.5; 6.9. 

Quadrat 15. Fine stand 50-60 years old; litter about 12 om 
thick; sandy loam; 11.0; 10.0; 7.8; 11.4. 

Quadrat 16. Pine-hardwood; litter about 10 cm thick, mainly 
pine needles and Lonicera japonica; 10.0; 9.0; 8.5; 80.5. 

Quacrat 17. Bottomland hardwood; dark sandy loam; 6.5; 6.0; 
6.0; 32.4. 

Quadrat 1S. Cut-over area, formerly oak stand; no Litter; 
loose sandy loam; 11.0; 9.0; 6.3; 25.3. 

Quadrat 19. Fine stand about twenty years old; litter con- 
teined oak leaves from a nearby oak stand; 11.0; &.2; 6.2; 11.9. 
Quadrat 20. Pine stend ebout fifteen years old; litter 
sparse; ground covered mostly with lichens, moss, and a few tall 

berbs; 1.5; 1.5; 2.0; 17.3. 

, Quedrat 21. Stand of serub oaks and thirty years old pines; 

about 95 m from Quedret 20; litter about 5 om deep; 2.0; 3.0; 5.0; 

27.6. , | 
Quadrat 22. Open stand of large cakes ond mature pines; 

_ Litter about 5 om ceep; 2.0; 8.9; 5.0; 88.4, 

: Quaéret 25. Open stand, wainly oak, hickory, and ash; 

“Udtter thin; south hiliside; soil rocky; 3.5; 5.0; 5.0; 30.7. 
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The moisture percentage of the oven-dry weight of the soil 

ranged between 6.9 and 57.1. Hydrogen-ion concentration ranged 
between 5.0 and 6.0. The greatest difference between air and 


soil téxpereture wus 7.09 ¢. The extremes in soil tempereture 


‘et a depth of 3 om in the A, horizon were 17.0° ¢ and 1.5° c. 


The numbers ané species of myriapoés collected from each 
quaérat are given in Table 1. Two hundred and twenty-eight 
myriapods were collected from the 23 quadrats; 5 per cent were 
synphylars, 33 per cent were chilopods, and 57 per cent were 
Giplepods. The numbers collected from individual quadrats ranged 
between 0, from 2 quadrats, and 48. All of the symphylans, 44 
per cent of the chilopods, end 6&1 per cent of the diplopods were 
in the 4, horizon of the soil; the remaining myriepods were in 
the 4, horizon. | 

Chilopods were more evenly distributed then diplopods were. 
Species of Geophilomorpha were in 52 per cent of the quadrats, 
and species of Lithobiomorpha were in 35 per cent. Otecryptops 
sexspinosus was in 40 per cent of the quadrats. There vere no 
chilopods in the litter leyers of 49 per cent of the quadrats or 
in the 4) horizon of S5 per cent; 26 per cent of the quedrats 
contained none. 

Diplopods vere entirely absent from 26 per cent of the 
quedrets. The litter layers of 57 per cent and the A) horizon of 
S2 per cent of the quadrats contained no diplopods. The most 
evenly distributed diplopods were the Juloidea, which were repre- 
sented by at least three species, and present in 30 per cent of 
the quedrats. The several species of Family Fonariidse, which 
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represented 48 per cent of the totel number of myriapods collected, 
were present in only 23 per cent of the quadrats. No other group, 
either among the ¢iplopods or the echilopeds was sc unevenly dis- 
tributed as that. 

_ There appeared to be a correlation between soil temperature 
end the density of myriapod population. The distribution of 
myriapods in relation to the tempersture of the soil at 2 depth 
of 3 cm is shown graphicelly in Figure 39. The breaks in two of 
the curves are due to the lerge numbers of Fontariidee in Quad- 
rates 7, 16, and 17. At all temperatures encountered there were 
more myriapods in the soil than in the litter. The greatest 
number of myrlepods, 36 per cent, were collected from quedrats 
in which the soil at a ¢epth of 3 em was between 12° ana 14° c. 

There eleo eppeared to be a correlation between soil mois- 
ture and the density of the myriepod population. in the quadrats 
in which the moisture percentage of the oven-dry weight of the 
soil from a depth of 5 to 7 om was between 0° and 10° c, the 
ayriapods were almost four times &8 numerous in the Ap) horizon 
as in the A} horizon; they represented & per cent of the totel 
number colleeted. Fifteen per cent of the total number were from 
quadrats in whieh the moisture percentages were between 11 end 20; 
there were slightly more myriepods in the A, than ia the Ag ; 
horizon. Thirty-four per cent were collected at percenteges be- 
tween 21 and 30; myriapods were three times more numerous in the 
4, then in the 4g horizon. At percentages between 31 and 40 they 
were nine times more numerous in the A, then in the 4g horizon 
and represented 42 per cent of the total number. Two per cent of 
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85 
the myriapods were collected from quadrats where the percentages 
of soil moisture were between 51 and 60. The relation between 
soil moisture and population density of myriepods is shown graphi- 
cally in Figure 40. 

‘The average numbersof myriapods collected in pine, upland 
hardwood, and pine-hardwood atande (Fig. 41) were almost equal, 
being between 12.5 and 13 per quadrat. The average number per 
quedrat collected in bottomland hardwood stands was 58. In quad- 
rats from all four cover types, ehilopods vere more numerous in 
the Ag horizon than diplopods were (Fig. 42). In quadrets in 
bottomlend hardwood and pine-hardwood stends diplopods, due to 
the large numers of Fonteriidae in Quedrats 7, 16, and 17, were 
more numerous in the A, horizon than chilopods; in quadrats in 
pine and upland hardwood stands chilepods were more numerous than 


Giplopods were (Fig. 43). 


3. Diseussion 


The most significent facts that this survey by quadrats 
brought out are: 

(1) Ghilopods are more evenly distributed than diplopods. 
This probably is because chilopods range far in search of prey, 
while diplopods tend te aggregate at favorable feeding sites. 

(2) During the day chilopeds are, in general, more numerous 
in the Ag horizon of the soll ané diplopods are more numerous in 
the lower Ag and upper Ay horizons. There ere exceptions to this 
statement in both groups of animals. Chilopods find their prey 
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and room in which to pursue it in the upper stratum of soil, and 
Giplopods find the soft humus on which they feed in the lower 
stratun. 

Food is only one of many interacting factors that affect the 
vertical end horizontal distribution of myriapods. The chief 
factors are probably: moisture of the substratum, humidity of the 
soil air, and texture, quality, and temperature of the soil. 
Calcium content of the Litter on the basis of oven-dry weight 
varies with the type of plant cover thet deposits the litter; in 
turn, calcium content of litter has a profound influence upon the 
hyd@rogen-ion concentration of forest scils (Coile 1937) esi upon 
the sninels living in them. Diplopods, which by reason of their 
aiet of humus «re necessarily in more intimate contact with their 
substratum than chilopods are, might be expected to vary more 
with the type of plant cover then chilopods. This survey wes not 
extensive enough to meke the date particularly significant on 


this point. 


Cultures of Myriepods in the Duke Forest 


The experiment that will be described in this section was 
undertaken in order to follow certain activities of some common 
myrilapods Rieti e the winter aonths. It consisted, in brief, of 
putting boxes which contained a known number of marked myriapods 
in a typleal forest srea ané then opening them at monthly in- 


tervals to make observations. 
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1. Kethoé 


& stand of trees behind the Biology Building, Duke Univer- 
sity, wes chosen as the site for this experiment. It is typeial 
of much of the Duke Forest. The trees consist largely of an 
overstory of shortleaf pines about 40 years old end a hardwood 
understory of elm, oak, esh, and dogrood. In October, 1939, the 
upper soil profile at this site hed the following characteristics: 
Ag horizon. L layer. Composed of twigs end needles from pine 

trees anc twigs and leaves from hardsood 
understory trees; 2 to & em thick. 


F leyer. Composed of matted leeves and twigs; 1 to 
3S om thick. MRA 


H leyer. Approximately 0.7 cm thick; black humus. 
A); horizon. Composed of dark brown sanéy loam; 5 to 8 om thick. 
Ag horizon. Composed of greyish sandy loem; 5 to & em thick. 
By horizon. Composed of yellowish red clay; depthsof B,, Bo, and 
C horizons were not determined. 
& prelininary survey of this stend showed that the most 
common myriapods there were: Otooryptops sexs inosus, Theatops 
sticus, varicus species of Lithobiomorpha and Geophilomorpha, 
and en unidentified species of the Family Fontariidae. Quadret 
16 (Tebdle 1) was located in this stand of trees. 
Thirty-three wooden boxes, which measured 11 x 1l x 9 inches 
on the outside, and were constructed of 9x ¥ inch pine lumber, 
_ were used. In each box there were 6 drainage holes ome inch in 
Giemeter, two in the bottom and 4 in the sides. Wire screen, 
256 meshes to the square inch, wes tacked over the holes ané the 


tops to prevent myriapods from escaping. 
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Between Cetober 21 end November 3, 1939, the boxes were 
buried one-half meter apart, and with the tops even with the 
surface of the ground. Each box was cerefully filled with seil 
from the hole in which it was placed so that conditions inside 
the box would be es nearly as possible like those in the soil 
before it was ¢isturbed. A short length of well-decayed pine 
log 15 om long and 5 om in diameter was included in the &p hori- 
zon of each box. Myriepods that had been measured as to length 
and number of somites, were marked by cutting off an antenna or 
certain legs. They were put on the 4g horizon before the wire | 
screen was tacked over the top of each box. The myriapods in- 
cluded were one species of Chilopode, Otocryptops sexspinosus, 
and six species of Diplopoda: Spirobolus marginatus, Céllipus 
lacterius, Polydessus serratus, Apheloria coriscea, Fontarie 
Sp-, and Orthomorpha gracilis. Oniy one species was put in each 
box. 

Seven boxes, each of which comnetindt esvecdl specimens of 
one of the species of myriapods listed, were opened at intervals 
of one month. Records were mace of the temperatures of the air 
end soil end the hydrogen-ion concentretion of the aj horizon. 
The soil was carefully searched for myriapods; their positions 


were noted, and they were taken to the laboratory to determine 


‘whether growth anc regeneration of appendages had occurred. 


2. Observations 


The dates and physical conéitions when the boxes were opened 


are given below; the series of numbers represent temperatures 
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in degrees centigrade (1) of the air 0.5 m above the ground, 
(2) of the F layer of the Ag horizon, ané (35) of the A, horizon 
at a depth of 7 om, and (4) hydrogen-ion concentration of the Ay 
horizon at @ depth of 7 em: December 21, 1939, 7.8, 7.0, 6.5, 
$.6; January 21, 1940, 0.0, 0.5, 3.0, 5.9; February 22, 1940, 
6.0, 5.0, 4.0, 5.8; Mareh 21, 1940, 13.0, 10.0, &.0, 6.0; April 4, 
1940, 20.0, 17.8, 15.0, 6.0. | 

Box 1. Otoeryptops sexspinosus. Five specimens ranging in 
length from 66 to 27 mm; 1 that measured 66 mx recovered bec. 21; 
under log; no chenges; termites in soil. 

Box 2. Otoeryptops sexspinosus. Five specimens ranging in 
length from 60 to 52 mn; 1 that measured 60 mm recovered Jan. 21; 
under log; no changes; termites in soil. 

Box 5. Otocryptops sexspinosus. Five specimens renging in 
length from 57 to 56 mm; none recovered Feb. 22; termites, earth- 
worus, thysanurans in soil. 

Box 4. Otocryptops sexspinosus. Five specimens ranging in 
length from 72 to 34 mm; 1 that measured 55 mm recovered Mar. 21; 
in Ag horizon; no change aneepe abi of the left snal leg was 
absent, whereas only four segments had been cut off; termites in 
soil. 

Box 5. OQtocryptops sexspinosus. Five specimens ranging in 
length from 64 to 26 mm; 1 that measured 50 om recovered April 4; 
12 em deep in Ag horizon; no changes; earthworms in soil. 

Box 6. Spirobolus marginatus. Four specimens ranging in 
length from 102 to 34 um; all recovered Dec. 21; coiled in A, 


horizon 7 to 9 om from surface; no changes. 
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Box 7. Spirobolus marginatus. Four specimens renging in 
length from 64 to 36 mm; ail recovered Jen. 21; coiled in Ay 
horizon € to 6 om from the surface; no changes. 


Box G. Spirobolus marginatus. Five specimens ranging in 


length from 100 to 27 mm; all recovered Feb. 22; eciled in Ay 


horizon 4 to 7? em from surface; no changes. 

Box 9. Spirobolus marginatus. Five specimens ranging in 
length from 76 to Sl um; all recovered Wer. 21; eciled in Ay 
horizon £ to 12 em from surface; no regeneration; 1 was pale as 
if molted recently, and increased from 31 ma to 35 um in length, 
but still with 47 eent-eechalie somites. 

Box 10. Spirobolus marginetus. Five specimens ranging in 
Length from 85 to 31 mm; 4 recovered Mar. 4; coiled in A) horizon 
1 to 6 om from surface; 1 increased in length from 82 to 90 mum; 
no other changes, a burrow 1.6 om diameter, 11 em deep, with about 
100 excrement pellicts at bottom. 

Box ll. Callipus lectarius. Seven specimens ranging in 


length from 56 to 84 mm; @ recovered Dec. 21; moving about in to 
horizon; no changes noted other than that they were darker than 
in October. 

Box 12. Gallipus lacterius. Five specimens ranging in 
length from 53 to 25 mm; 2 recovered Jan. 21; under Log; no 


changes. 
Box 13. Callipus lactarius. Seven specimens ranging in 
length frem 55 to 26 mm; 4 reeovered Feb. 22; inside or under 


log; no chenges. 
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Box 14. Callipus lectarius. Six specimens ranging in 
length from 56 to 55 mm; 2 recovered Mar. 21, 1 in Ag horizon 
and 1 uncer log; no changes. 


Box 15. Callipus lactarius. Five specimens ranging in 


length from 57 to 24 mm; 2 recovered april 4; 1 in Ag horizon 
and 1 under log; no changes. 


Box 16. Polydesmus serratus. Five specimens, 3 vith 19 


post-cephalic somites and 2 adults; none recovered Dec. Zl. 

Boz 17. Polydédeemus serratus. Five specimens, 1 with 19 
post-cephalic somites and 4 adults; 3 adults recovered Jan. 21; 
uncger log; no changes. 


Box 15. Polydesnus serratus. Five specimens, 3 with 19 


post-cephalic somites and 2 adults; 1 larva recovered Feb. 22; 
under log. 
Box 19. Folydesmwus serratus. ix specimens, 3 with 19 


post-cephalic somites ané 3 adults; 2 aduits recovered Mar. 21; 
in Ag horizon 2 tc 3 om from surface; no changes. 

Box 20. FPolyéesmus serratus. Five specimens, 4 with 19 
post-cephalic scmites and 1 adult; 2 larvae recovered April 4; 
1 in F layer of 4g horizon, 1 in cavity of log; no changes. 

(All specimens of Apheloria coriacea usec were adult; no 
@henges were noted.) 

Box 21. Apheloria coriacea. Three specinuens; all recovered 
Dee. 21; 1 in F layer of 4g horizon and 2 in Aj horizon 5 om from 
surface. 

Box 22. Apheloria eoriaces. Three specimens; #11 recovered 


Jan. 21; 2 in hibernating chambers near log and 1 in A, horizon 
1 to 3 om from surface. 
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Box 25. Apheloria coriacea. Three specimens; 2 recovered 


Peb. 22; in 4, horizon 1 to 3 om from surface. 


Box 24. Aphelorie coriacea. Three specimens; all recovered 
Mer. 4; in 4, horizon 1 to 3 em from surface. 


(The specimens of Fontaria sp. all belonged to the same 


species and all had 19 post-cephalic somites; no changes were 
noted in the specimens recovered.) 


Box 25. Fonteria sp. Two specimens; none recovered bec. 21. 


Box 26. Fontaria sp. Two specimens; 1 recovered Jen. 21; 


under log; darker gray; tips of carinee turned from yellow to 
orange since October. 


Box 27. Fontarie sp. Two specimens; 1 recovered Feb. 22; 


_e@oileé in A) horizon 3 ecm deep. 

Box 28. Fonteria sp. Two specimens; 1 recovered Mer. 21; 
coiled in 4, horizon 2 em from surface. 

Box 28. Orthomorphe grecilis. Two adults snd 5 lervae of 
the sixth stedium; 1 larva recovered Dee. 21; in Ay horizon 8 om 
from surfece. 

Box SO. COrthomorphs grecilis. Two adults and 5 larvae of 
the sixth stadium; none recovered Jan. 2l. 

Box 31. Orthomorphea gracilis. Two adults and 5 larvae of 
the sixth stadium; 2 larvae recovered Feb. 22; under log; no 
changes. 

Box 32. Orthomorphe gracilis. Three adults and 5 larvae of 
sixth stadium; 4 larvae recovered in Ap horizon 4 om from surface; 
no changes. 

Box 33. Grthomorphe gracilis. Three adults and 5 larvae of 
the sixth stadium; none recovered April 4. 
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3. Discussion 


| The four specimens of Ctoeryptops sexspinosus which survived 
were in four separate boxes; they were among the largest of 25 
speecinens put into the boxes at the beginning of this experiment. 
This suggests thet there may be a canabslisn of G. sexspinosus in 
nature similer to that which occurs in containers in the labora- 
tory. 

The survivel of 25 of the 23 specimens of Spirobolus margine- 
tus is not surprising, since this species is the largest and hes 
the heaviest exoskeleton of all the Siplopeds that occur in the 
Duke Forest. The reletively swell number of fecal pellets and the 
absence of runnweys or tunnele suggest that this species was quite 
inactive between Decenber and Werch. Although more than half of 
the diplopods were immature, thers was evidence thet only two 
molted, or pessed into the next lerval stadium. One was recovered 
from under « small log and 22 were recovered from the A, horizon 
of the soil et depths from 1 to 12 om. There was no correlation 
between the depth at which S. merginetus cecurred and the tempera - 
“ture of. the soil. 

Polyéesmus serratus is one of the least hardy of all the 
eiploreds used in this experiment, so the survival ef only 8 of 
25 is not surprising. It bleeds freely from small injuries and 
Sles from ¢esiccetion in a shorter length of time than scat other 
@iplopods do. Specimens in this experiment é14 not migrate verti- 
@ally, but remaineé in the Ag horizon and in crevices cof logs, | 
whieh ere their normal summer habitats. Callipus lacterius 6lso 


remained under logs and in the Ao horizon; 12 of 32 were recovered. 
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fen of twelve specimens of apheloria coriaces were recovered; 


eight were at a depth of from 1 to 3 om in the 4, horizon end four 


were uncer or near logs in the 4g horizon. Fonteris sp. was simi- 


larly distributed; three specimens of eight of this species were 
recovered. 

The loss of all adult specimens of Orthomorpha grecilis in 
the experimental boxes was not surprising, since only lervwae have 
been found outside greenhouses in North Carolina during winter 
months. Later experiments indicated that freezing temperatures 
are equally fatel to hevvad anc acultse; and thet death of adults 
nermally oceurs after three or four months or efter breeding. 
Seven of 25 lervee were recovered; one was in the A, horizon et a 
éepth of 6 om and the others were the Ag horizon. None had molted. 
Ina heated laboratory, sixth instar larvae during the same Length 
of time passed from the sixth stadium, through the seventh, and 
into the eighth. 

Of the seven species of myriapods under observation, Spiro- 
bolus marginatus, with its round, smooth body, occurred deepest in 
the soll. This was the only species in which any chenge in a 
larva was observed. it ig suggested that S. marginatus migrates 
vertically to escape winter cold. The meager dete also indleate 
that vertical migration of Callipus lectarius, Polydesmus serratus, 


Fonteria sp., Apheloria coriaces, and larvae of Orthomorphea gre- 
cilis does not occur or thet it is slight. The bodies of these 


species are either rough or flat and not well suited for tunneling 
into dense soil. 
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The Effect of Varied Humidities on Some Myriepods 
1. Methoés 


To test the effect of varied humidities on some myriapods the 
following procedure was carried cut. Desired humidities were ob- 
teined by using supersaturated solutions of certein chemical con- 
pounds in calcium chloride desiccators. The compoundsused and 
their relative humidity values were: H,O, 96 per cent; ZnS04, 88 

per cent; KBr, 80 per cent; NeHsO,g, 60 per cent; LiCl, 16 per cent; 
CeCl,(éry), O per cent. All of the chemicals were of "C.P.* 
grade; the water wes Cistilled. Tests were made with a dewpoint 
apps ratus to check the humiditics obteined during the present 
experiments. They were found to vary from the theoretical values 

- a6 Sweetman (1933) indicated. sufficient liquid was used to cover 
the bottom of the desiceators; the rims were greased with petroleum 
jelly to prevent evaporation of the liquid. air temperatures be- 
tween 29° and 31° C were nainteined throughout the experiment. 
Myriapods recently brought in from the Duke Forest were put into 
‘the €esiccators in beakers; at 24-hour intervels they were removed 
ané weighed. After desth they were dried 2 days at a temperature 
ef 90° CG in order to obtain the dry weight. 


&. Results 


: Spirobolus marginatus lost weter more slowly than any other 
“myrispoa tested. It lived 16 days in &@ chamber where the humidity 


value was 96 per cent, while Cambala annulate lived there 5 days, 
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Callipus lactarius and Orthomorpha gracilis & days, and Polydesmus 
serratus 1 day. The rate of desiccation of Spirobolus merginatus 


is shown in Table 2. Larger specimens lost moisture less rapidly 
than smaller ones. Three which weighed 4.9450, 2.9212, and 


0.2901 g at the beginning of the experiment died after 10, 6, and 


2 days, respectively, at a humidity of 60 per cent. The percent- 
age of water lost before death was in direct proportion to the 
original weight. At the lest 24-hour period that five specinens, 
which weighed 7.1052, 4.9450, 3.1068, 2.9212, and 0.2901 g¢ at the 
beginning of the ¢xperiment, eeire Slive, they had lost, respec- 
tively, 64, 66, 54, 46, and 34 ver cent of their total moisture 
content. 


The rate of desiccation of Cambala annulate at several humid- 


ity values is given in Table 3. The percentage of water lost 
before death was in direct proportion to the original weight. At 
the last 24-hour period that three specimens, which weighed 


5 0.4169, 0.3095, and 0.2114 g at the beginning of the experiment, 


were alive, they had lost, respectively, 52, 47, and 43 per cent 
of their total water content. 


Caliipus lactearius end Orthomorphe gracilis, es shown in 


Tables 4 end 5, lost water at approximately the sawe rate; death 


from desiccation occurred after about one-half the time thet it 


aid for Cambala annulata at the humidities tested. 
Polydesmus serratus died before the end of the first 24-hour 


period et all humidity values tested except 96 per cent; at thet 


humidity death ocourred before the end of the second 24-hour period. 


The rate of desiccation of the chilopod, Otocryptops sex- 


Spinosus, was similar to that of the diplopod, Cembale annulete. 
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Another chilopod, Linotenia fulvs, lost moisture approximately 
twice as rapidly es Otocryptops sexspinosus (Tables 7 end 6). 


3. Discussion 


The rate at which water was lost by the myriepods tested 
varied with humidity, species, and size of the individual. All 
died, probably of desiccation, at humidity values between 96 and 
O per cent. 

The species tested are restricted to hsbitats shere the 


 bumid@ity value of soil air is above 96 per cent the greater part 


of the time; their presence in a locality indicates a sontinuously 
moist condition in the upper soil horizons. 

_Myriapods may leave their habitats in the soil at night end 
on very humid days (Verhoeff 1925). Species which lose water most 
rapidly commonly occur in logs and the lower layers of the Ao 


_ horizon because the organic matter there ordinarily holds e higher 


percentage of moisture than mineral soil. The smallest myriapods 
have an advantage over the larger ones in that they ean move into 
deep, moist crevices that large myriapods are unable to enter. 
The thicker exoskeletons of larger species, however, resist 
Gesiccetion more effectively than thin exoskeletons of smaller 


myriapods. 
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THE HOTHOUSE MILLIPEDE 


 &® @n exemple of 4 typical diplopod the writer selected the 
common hothouse millipede, Orthomorphe gracilis (C. L. Koch 1847), 
for intensive study and leboratory experiments. It will there- 


fore be ecnsicered in some detail. 


Taxonomic Position 


henta — one racilis Koch 1847, Sys. Myr., p.142; 1663, Die hiyr. 


emus coarctatus Saussure 1660, Mem. Mex. liyr. p.39, Fig. 16. 
(Pareadesmus) coarctatus Humbert and Sauseure 1872. 
s Latze » Ky?. Aus. Eun. Mon. 2:182, 


The very wide distribution of the hothouse millipede has 


resulted in a somewhat complicated synonomy. This species was de- 


eeribed first as Fonteria gracilis (C. 1. Koch 1647) and later 


@s Polydesmus coarctatus (Seussure 1660). In 1872 Humbert and 
Saussure referred 1t to the subgenus Peradesmus of the genus 
Polycesmus. After Parecesmus was recognized as an independent 
genus, the hothouse millipede was called Paradesmus gracilis 
pene ars't 1879, Latzel 1864). The next change was made in 1693 
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99 
when Bollman discovered the preoccupation of the neme Paradesuus 
ané proposed Orthomorphea es 4 substitute. Cook (1911) treated 
the hothouse millipede as the type of a new genus, for which he 
proposed the neme Oxidus. A few recent euthors followed him in 
the use of Oxidus es a generic name (Williems and Hefner 1928, 
Loomis 1959), but most writers still refer to the hothouse milli- 
pede as Crthomorphe gracilis (Attems 1930, Verhoeff 1928, 
Chemberlin 1939). 

The full classification of the hothouse millipede is es 

‘follows: 

Phylum Arthropode Siebold and Stannius 1645 

Class Diplopode Latreille 1802 

Subclass Chilognatha Leach 1814 

Oréer Polydesmoidea ¢. L. Koch 1847 

Suborder Strongylosomidea Atteme 1914 

Family Strongylosomidee Cook 1695 


Genus Orthomorpha Bollaan 1593 
Species gracilis C. L. Koch 1847 


Morphological Deseription 


The length of mele hothouse millipedes is 18.5 to 19.9 mm 
and the width is 2.0 to 2.2 mm. The females are 19.4 to 22.2 mm 
long and 2.0 to 2.5 mm wide. 

The colors are: dorsum deep chestnut brown or bleck, carinae 
bordered with lemon yellow, sides chestnut brown, sterne and 
basal joints of legs pallid, distal joints of legs and apex of 
beay light brown, antennae and vertex darker than any other parts 
of the heed. 

The antennae are slender, filiform or the terminal Joints 


slightly thicker, and joints two to six are nearly equel in length. 
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_ ‘The first post-cephalic sonite is wider then the head. 
Its tergite is transversely oblong, slightly convex, twice as 
broad as long, and with the anterior and posterior corners 
rounéed. The tergites of somites tvo and three are narrower 
ena shorter than the tergites lumediately anterior and posterior 
to them. Each of the remsining tergites is marked with a slight 
medien impression end a deep transverse furrow seross the middle 
ef the posterior subsegxents. The anterior subsegments are 
covereé with a rather regular minute reticulation of raised 
lines. They ere seperated from the posterior subsegnents —") 
transverse beaded line. The last tergite ends in a pair of 
prominent rounéeé, nonsetiferous tubercles separated by a dis- 
tinct notch with four setiferous punctations. | 

_ he leteral cerinse ere nearly horizontel, less than one= 
fourth as wide as the body cavity, and with distinctly reised 
margins. The anterior corners are rounded, and the posterior 
corners ere nearly right angles on the anterior somites end sone- 
what pointed on the posterior somites. There is a setiferous 
tubercule neer the anterior corner of each carina, ‘The repug- 
neterial pores sre in the laterai edges of the carinee of the 
5, 9, 9, 10, 13, end 15 to 19 somites. 

The sterna are suooth, sparsely hirsute, end with e broad 
central depression. At the base of each leg there is a small 
pine directed eauédally. The legs ere sparsely hirsute. 

The seminal Gucts open on the basal Joints of the seeond 
pair of legs. The conopods are modified from the first | pair 
of appendages of the seventh post-cephalic somite. They are 
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composed of @ prominent basal joint and an epical joint with 
@ short cushion-like hirsute base, a stout, slightly curved 
shaft, and four terminal curved prongs. The first prong is 
short and projects mesad; the second is longer and it expands 
into @ thin triangular blade; the third, the longest, ends in 
two diverging plates; the fourth 1s slender; it enters the base 
of the third prong and remains enclosed for almost ita entire 


length. (Fig. 45). 


Geographical Distribution 


Most species of millipedes are localized in areas which 
are often very Limited in extent. Some have atteinec a wide 
éistribution in the tropies, however, and a fox, of which 
Orthomorpha gracliis is an outstanding example, have entered 
temperate regicns by way of the congenial conditions in green- 
houses. 

The hothouse millipede was first described from a green- 
house in Austrie (Koch 1647). Ginece then it has been reported 
from many tropical lands and islands, numerous hotbeds, and 
greenhouses, and a few caves in temperate climates. From its 
original habitat in the Feast Indiss (Cook 1911), it has spread 
so fer that it is the most common and widely distributed repre- 
_ «‘sentative of the Class Liplopoda (Attems 1699, Cook 1911). The 
| @eographical distribution is roughly shown in Figure 44. 
| There is one record of Orthomorpha gracilis in Africae, but 
i no definite loestion of the collecting area was given (Brélemann 
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1909). It was not listed emong the 67 species of diplopods 


eollected by the American Museum of Natural History Congo Expe- 


dition, 1909-1916 (Chemberlin 1927), nor did Cook refer to it in 
eny of his numerous papers on African diplopods. Since it occurs 
on the Mederia, Canary (Attems, 1699), and Sechelles Islands 
(Brélemenn 1909} it perhaps is more abunéent on the continent of 
Africa then present records indicate. 


Crthomorpha gracilis occurs widely in European greenhouses 


- (Koch 1847, teber 18682, Attems 19899) and in the southwestern 


‘ 


| 


Mediterranean territory (Yerhoeff 1928). There is one indefinite 
record of it in Asia (Brolemann 1909). It has been reported 
from St. Thomas Island, New Zealand, Viti Islands (Attems 1930), 


Borneo, Samoa, Malasia, Clinde (Brélemann 1909), Great Loo Choo 


(Pocook 1895), and the Antilles (Latzel 1884). 

Orthomorphe gracilis appears to be widespread in Mexico 
(Saussure 1860, Humbert and Saussure 1872) and South America. 
It was reported fron Rio de Janeiro, Santos, Sao Paulo, Parand, 
Cubatao, Guatemala, Belém, Piquete, Santa Kita, and Valparaiso 
in South America, and from the following islands: Fernendo 
Noronha, Magerite, Dominacan Republic, and the Bermudes (Brdélemann 
1909, Attems 1699). It was not one of the 67 species of diplo- 
poéa collected in Colombia, British Guiena, St. Croix, United 
States Virgin Islands in 191g end 1914 (Chamberlin 1923), nor 
was it listed exong 150 species of diplopods from the West Indies 
(Chamberlin 1918). 

In North America Orthomorphe grecilis occurs in greenhouses 
‘throughout Mearylend (Bollman 1993), Kanses (1913) western Onterio 
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(Gibson and Ross 1920), New York (Bailey 1928), Chio (Miley 1927, 
Williams ana Hefner 1928), Michigan (MeDaniel 1931), and North 
Carolina (Brimley 1938). Further study will probably show thet 
it is @istributed generally throughout greenhouses in the United 
States and Canada. It occurs in the open in southern Ohio 
(Williams end Hefner 1928), southern California, other warmer 
perts of this country (Chemberlin 1939, personal letter), and 
North Cerolina. It was present in one cave in Pennsylvanie, 
but in none of the 69 other caves in seven eastern states from 


which Mr. Kenneth Dearolf collected invertebrates (Loomis 1939). 


Methods 


The hothouse millipedes which were used in this study were 
collected from the greenhouses of Mr. C. Ni. Hibbered on Highway 
10, one mile west of Durham, North Carolina. 

They were present in numbers as great as 359 to & square 
foot in heavily manured soil on the tables where biennials were 
growing. They were less numerous on tables.on which flower pots 
were set in cinders and under objects on the ground. The temper- 
ature in the greenhouses is kept above 22°C. Plants are | 
thoroughly watered every day, and water drains from the tables 
rapidly. 

Adults and lerger lervee were easily found under flower 
pots and large lumps of manure and loam during the day. Oc- 

- easionally they moved about on the surface if the plant growth 
above them was thick enough te cut off most of the light. Smaller 
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larvee were found in lumps of loam or manure and larger larvae 
buried from 2 to 10 em in the soil or cinders. 

_ The millipeées were brought from the greenhouses to the 
laboratory in bottles or jars and immediately transferreé to 
finger bowls that contained loem, leaf molé, and manure from 
the greenhouses. If the substretum was kept moist and cone 
‘tained sufficient humus they Lived several months. Too Little 
air and too much water resulted in «4 fungal growth thet wes 
fatal; young larvae were less susceptible tc this fungel growth 
than older larvee and adults were. The willipedes under obser- 
vation were kept in finger bowls and in 50 cc flat-bottom flasks. 

Experiments were carried out under the following tempera- 
ture conditions: (1} a heated lLeboratory in which the temperature 
wee usually sbout 22° C, (2) a warm air chamber in which tempera- 
tures veried between 299 and 31° ¢, (3) an unheated room in whieh 
temperatures veried between 12° and 20° 6, (4) a refrigerator 
room in which the temperature was usually about 2.89 C, and 
(5) boxes buried in the ground in the Duke Forest that were sub- 
jected to ordinary outdoor variations la temperature between 
October and april. 

The amount of food that adults and larvae of the seventh 
stadium ate under the firat four temperature conditions listed 
in the preceding paragraph was determined in the following man- 

ner: ten specimens of each stadium were placed in 50 ec Plesks 
thet contained only sterilized moist sand, manure, leaf mold, 
or sterilized loam; the facces were collected and weighed daily 


for five days. 
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‘The toleration of adults and lervae of the seventh stedium 
te verious conditions of humidity was determined es follows: 
two specinens of each stedium were put into vials that were sus- 
pended in serew-lid jars which contained supersetureted solutions 
of chemical compounds. The chemicals used had the following 
theoretical relative humidity values: Hp0, 100; ZnS04, 90; 
HaCl, 76; NalSOg, 51; CeCly,, 32; Licl, 14; Cacl,(dry), 0 
(Sweetman 1935). An hour after the millipedes were put into the 
tightly closed jars, the jars were heated in a water bath slowly 
enough for the tesperature inside to rise one degree centigrade 
in five minutes. The temperature et which ea millipede first 
appearec to be dead was recorded; then it was removed to eool, 
wet filter paper so thet it might recover if it was not really 
dead. The effect of low temperatures was determined by placing 


the millipedes in e refrigerator for varying lengths of time. 


Life History 


All Diplopoda are anasiorphic, i.e., the larvae pass through 
@ number of molts, éuring each of which the number of legs and 
somites is increased until the adult number is reached. Ad- 
ditional legs and somites are added in the embryonic region 
between the anal somite and the somite thet was last formed. 
Polydesmids, polyxenids, and ascospermorphs pass through seven 
lerval stedia, in each of which the numer of somites and leg 
peire is constant. Julic¢s also normally pass through seven 
larval stadia, but after the first, the number of legs and 
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somites is not definite for eech stedium. In the glomerids 
development is hemianamorphic, i.e., a series of anamorphic 
molts is followed by three smolts which are unaccompanied by 
increases in number of legs and somites (Verhoeff 1928). 

Only one brief reference (McDaniel 1931) to the life his- 
tory of Orthomorphe grecilis was found. Various phases of the 
life histories a the following other polydesmid millipedes 
have been described: Polydesmus complanatus (Fabre 1855), 


Polydesmus illyricus (Latzel 1884, Verhoeff 1894), Polydesnus 
abchasius (Lagneu 1911), and Euryurus erythropygus (Miley 1927). 
The post-embryonic development of Orshomorpha grecilis is similer 
to that of other polydesmids, but differences have been found. 


1. Breeding Habits 


MeDaniel (1931) found thet the one annual generation of hot- 
house millipedes in Michigan greenhouses was from eggs that were 
produceé in the spring. In Durham, North Carolina, greenhouses, 
copulating pairs were found from May through June and from 
September through April; eggs were collected from September 
through Merch. It is probable thet ezgs were produced during 
the summer months beceuse larvae were collected in September 
thet must heve heteheé from summer eggs. During the fall and 
winter wonths the millipedes copulated in cultures thet were 
kept in @ laboratory where the tenperature was around 22° ¢ and 
in an unheated room where the temperature fluctusted between 12° 


20° ¢. 
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Before copulation 4 male hothouse millipede transfers 
spermatic fluid to his gonopods in the following manner: the 
thorax is bent ventrally so thet the cpenings of the vasa defer- 
entia, which ere on tne third body somite, are in contact with 
the gonopods on the seventh somite. A drop of spermatic fluid 
is then traneferred from the vase deferentia to the gonopods, 
where it is held by many short bristles on the basal joint. From 
the gonopods the spermatic fluid is transferred to the vulvae of 
the female. Fertilization is internal. 

During copulation the position of the male and female is as 
follows: the ventral surface cf the posterior 13 or 14 body so- 
mites of the male is parallel and dorsal to the anterior 10 or il 
body somites cf the female; the legs of the male on those somites 
are bent closely around the female; in the region of the eighth, 
ninth, and tenth somites the body of the sale is twisted hair 
eround the female so that his gonopeds are in contact sith her 
vulvee, which open on the third body somite. The head and thorax 
of the male ere directed anteriorly and bent over the head of the 
femaic, which is held by the seven anterior pairs of legs of the 
female. Light or handling usually causes @ pair to seperate. 

The ratio of males to females collected over é period of 
several edithe was approximately three to four. The numbers of 
adults and larvee of the sixth end seventh stadia of each sex in 
three collections made in Jenuary end February are given in Table 
9; the totel number was 356 males and 275 females. 

In October, 1939, 13 pairs of copulating hothouse millipedes 

; were isoleted. Zach pair wes put in ea finger bowl thet contained 
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moist loam and manure from greenhouses. Unésr such conditions 
millipedes died within e few days efter they were segregated. 
Eleven of the 15 females died before the males 4i¢, from 1 to 12 
days after the last observed copulation. The males died from 
1 to 19 Gaye efter the last observed copuletion. Only one 
eluted of eggs was produced by these millipedes; a female ob- 
served copulating October 20 laid eggs which hatched November 1; 
sinee the longest incubation period cbserved for eggs et room 
temperatures was nine days, it is probable that the eggs were 
laid October 21. All of the females were examined after their 
death for the presence of eggs in the oviducts; 11 of the 13 


contained «a few which tere almost as large es mature eggs. 


2. Oviposition and Incubetion of the Eggs 


The feualea deposit their eggs in clutches in small rough 
cavities from about ¢ to 15 mm below the surface of the soil. 
In neither the greenhouses nor in leboratory cultures were there 
found any indications of brooding bells or chambers thet many 
polydesmide sonstruct (Yerhoeff 1928), nor did the females remain 
with the eggs. "ges were collected in September, October, 
November, December, January, end March. The veriety of post- 
exbryonic stadia that were collected in April and May, and from 
September through April indicated that oviposition may occur 
baring any uonth of the year in greenhouses under favorable con- 
ditions. This ebsence of a reguler annual breeding season is 


‘characteristic of many tropicel species of animels. 
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The eggs are croeany yellow OF occesionslly brown, sperical 
OF oval, quite smooth, and coateé with a glutinous fluid which 
causes them to adhere in clusters. They are rich in yolk in a 
semi-fluid state and ere surrounded by @ slightly tough envelop 
that consists of a vitelline meabrane and a chorion (Kerschelt 
end Heider 1899). The éiemeter is from 0.35 to 0.40 mm and the 
length from 0.406 to 6.41 mn. 

The eggs were deposited in clutches of approximately 300, 
160, 63, 50, 17, and 42. One clutch was found in a greenhouse 
and the others were founc in laboratory cultures of millipedes. 
None of the eges that rested on glass in @ chamber where the 
theoretical relative humidity was 100 developed, but those under 
similar conditions on wet filter paper batched. Fags on wet 
filter paper at a temperature of 3.59 C did not develop. ges 
that were kept in the laboratory on a wet substratum hatched in 
from 5 to 6, 4 to 6, 6 to &, and 3 to 10 days after they were 
eollected. All were under approximately the seme temperature and 
humidity conditions. Ne femele millipede was found while 
ovipositing, sO the exect detes when eluteches of eggs were laid 
are unknown. ‘The small size of the eggs and the fact that they 
are ceposited in eavities in the soil instead of in brooding 
Chambers makes them difficult to discover. The writer is fairly 
certain, hovever, that the eggs in one clutch hatched in either 
nine or ten days after oviposition. It is probable thet varie~ 
tica in the length of incoubdstion is because sone females carry 
their @gge ionger efter they heve been fertilized than others do. 


It is alsc probable that the eggs are very sensitive to certain 
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environmental conditions thet were not observed to vary to a 


significant cegree Curing the perioeds of incubetion. 


 .%. Post-embryoniec Development 


The post-embryonic development of larvae reared from eggs 
and of lurvae collected in greenhouses was followed. The lervae 
were kept in a laboratory where the temperature was usually about 
22° C. The substratum in the finger bowle in vhich they were 
reared was composed of a moist mixture of loam, leafmold, and 
wWeAuUre. 

‘The post-embryonic development of Orthomorphe grecilis, as 
summarized in Table 10, is characterized by seven molts, during 
each of which the transition from one stadium to the next occurs. 
Sexual maturity is reacheé in the eighth stadium. The larvae of 
each stedium differ in number of body somites, number of legs, 
size, and amount of pigment present, but the only larva that 
éiffers greatly in appesranoe from the ecults is that of the 
first stediunz. | 

The first instar larvae lie almost motionless with the 
posterior post-cephalic somites end the head bent ventrad. There 
are seven post-cephalic somites; the second, third, and fourth 
bear one pair of legs each; the fifth bears two pairs of Limb 
buds and the sixth one pair. The head is relatively lerger than 
4{t is at any other stege. The antennae end the legs ere sparsely 


covered with minute tristles. A few larger bristles are on the 


head end post-cephalic somites. (Fig. 49). 
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Within 16 to 24 hours after hatching the first instar 
lervee molt. The number of somites is increased to nine, wat 
the number of legs to six pairs. The second, third, fourth, end 
sixth somites bear one pair of legs each and the fifth two pairs. 
The seconé instsr larvae become quite active after the first day 
and move away from the spot where they emerged from the ones. 
The yolk plates, which are vieible in the larvae of the first 
ateadium ure no longer present, end the larvae begin feeding on 
tiny bits of organic matter. This stadium lested from 11 to 18 
Gays. (Fig. 50). 
after the second molt the larvae have 12 post-cephalic 
somites end 11 pairs of legs. In this end in all succeeding 
stadia only the second, third, and fourth somites, and also the 
seventh somite of males, bear one pair of legs. One pair of 
legs is added to the sixth somite, and two pairs are added to 
each the seventh and ¢ighth post-cephalic somites. Fabre (1655), 
vom Rath (1866), and Latzel (1884) stated that the thiré instar 
males of Polydesmus sp. have 10 pairs of legs and that the females 
have 11 pairs. Wiley (1927) reported that 60 of the third instar 
lervee of Buryurus erythropygus and ten third instar larvae of 
Orthomorpha grecilis which he examined had 11 pairs of legs. The 
writer esarefully examined 50 larvae of the third stadium of 
phe grecilie and found that «11 of them had 11 pairs of 


legs. The seme larvae were reareé to the fourth stadium, and 
6uong them were both meles and females which are characterized 
by having 16 and 17 peirs of legs respectively. The third 
stadium lested from 15 to 16 days. 


DR i haa kta a 


ny 
’ 


ae ey" RR ee oe est ” oe bi sat 
‘nga ike ‘od Mod pond OR A sce fll Nae e dt 
Liss’, ibbecaiot 9g elt | Shane amet, ea ete. bt ? 
eae eed MINED fa Pl Rite, tet, WR, at they oe a00d ; . 
eK? >? gh aor te, arate ite epee wer wt ee 
Candia o 1 NOR eee ook ae) Vee trae, opt nat? | 
pesdicod ty meveas ort ot oft Sale ane eet . 
4 i: 

jithos? aged micas der aun geet heen aml 


eer a ae a shy c "yh TT Be TS a ae ore tive i Pe Go Me Cae ane 
ie oe, Pea ae § pee BEM , ‘ 


UGS uggs hog GL eval cows al ott: 240m Comey 


‘fe : 3 s Bii ) 


Oa ] 
Hi h>pagaite Juve av bas ade G2) sagpel Bo otteg aM 


“it obi oe chet ioe: dfs? 2A | APRA Mie Le ni 


‘ed ol Carol up Cet oko eg: tale ya Line ee 


‘area 
ye 
4 


Ot Gey iste ¥e in). owe Soma hy ga sive, ie aie pak F Pcl. 

me SOR a ee oh ia Boe OS TTY O SP GOH, Mongar eles ate 
Yednukoavlas om fos betate CORE 4) Dae Pee GB bi 

‘ etaaet ont Cade #ae e@ad ve es Let OL ata, ace BAI da 3 
CHeank Seat We. to Ob galt Sadeogde COees? odd ay 2 
Scena eal .adaak. Meiy ed bate mpi eins as ag 
em? .,aadt Yo mtieg if ‘mt bonheeny a¢ sok scales & 
to aed Oneo Oe bye add. te Weve. 06» Soccer, Choe 

% silbey £2 ted oetf to LL grat) Bapet Saw eee.) we 
SRNR Stehaibtints ten 2 saiualindian” Bet idilintll Le oe 


eter ta dbunaiedal one Bibs ain Sebi ssid tle TE et ‘oe y 
Seattle” Awloypresaeos igne™ fe iain 


i é By bial od the ent 
} Ante i, Fe 


=x = 


112 
With the thirc molt the number of post-cephslic somites 
is increased to 15, and two pairs of legs are edded to each of 
the ninth, tenth, end eleventh post-cephalic somites. The males 
can be distinguished by the presence of one pair of legs, in- 
stead of two as in the female, on the seventh somite; in place 
of the second pair of legs on the seventh somite of the mele. 


there ere single joints or rudiments of the gonopods. The fourth 


stedium lastecé from 16 to 30 days. 

After the fourth molt the larvae heve 17 post-cephalic 
somites and two additional pairs of legs on each of the twelfth, 
thirteenth, enc fourteenth somites. This stadiuz lested from 20 
to 3S days. 

With the fifth molt the post-cephalic somites are increased 


 $o 16 and the legs to 26 in the male and 27 in the female. The 


four ecéditicnsl pairs of legs appear on the fifteenth and six- 
teenth somites. The sixth stadium lasted from 28 to 46 days. 

After the sizth molt the lervae heave 19 post-cephalic so- 
mites; the males heve 28 pairs of legs and the females have 29 
pairs. The two additionel pairs of legs ere added to the seven- 
teenth somite. The seventh stadium lasted from 42 to more than 
60. Gays. 

The edult number of somites end legs is reached at the 
iene end lest molt, and the rudimentary male gonopods of the 
larval stages sre replaced by complete copulatory eppendeges. 
The seventh molt adds one somite and two pairs of legs making 4 
totel of 20 aomites and 30 pairs of legs in adult males end 3l 
peirs of legs in adult females. Five eek teagan ranted’ from 
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eggs which were collected in September and October passed through 
the seven larval stadia in 146, 157, 159, 171, and 177 days re- 
spectively. Other larvae from the same clutches of evgs were 
still in the seventh stadium in April, 189 days or more after 
they hatched. The sum of the smellest numbers of days during 
which each of the seven stadia lested was 132; the sum of the 
greatest numbers of days was 206 or more. The length of stadia 
varied for individuals from the seme cluteh of eggs that were 
reared in the same dish under apperently similar conditions. 

The length of stadia was prolonged by subjecting the lervae to 
@ prolonged temperature of 3.5° C or by allowing the substratum 
in the culture dishes to become somewhat dry. 

Newly molted adult individuals are of a unifom light cream 
color except for the dark mid-dorsal line in the region of the 
heart. Within three weeks after the last molt the color of the 
éorsum changes from cream to tannish gray, then to brown and 
finally to deep chestnut brown or bleck. 

It is not definitely known how long adult hothouse milli- 
pedes live under ideal conditions. They can be found at all 
times of the year in greenhouses, but they are never sc numerous 
there as lervee sre. Several adult individuals lived more than 
two months in a laboratory culture; their color at the beginning 
of that time indicated thet they must have been in the adult 
stage at least three weeks. Adults in cultures in the Duke 
Forest died, but larvae under the same conditions lived through- 
out the winter. No adults could be found in a locality on the 


Women's College campus, Duke University, where there were many 
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lervee of the fifth and sixth dnd a few of the seventh stadia 
in February, Bereh, and April. Uxperiments with both lervae 
ané edults under low tempersture conditions were equally fatal 
to both. These data, although not conclusive, indileate that 
adult hothouse millipedes live three to five months. 


4. Molting 


The rigid exoskeleton of diplopods prevents growth of the 
body and must be shed at the ené of each stadium. Along with 
it go the chitinous intime of the fore gut, hind gut, tracheae, 
glands, ete. Pert of the calcium in the exoskeleton is dis- 
solved and absorbed to be used again in the formation of & new 
exoskeleton. At the same time new internal organs end structures 
ere formed, and @¢ reconstruction, or possibly a complete his- 
tolysis, of some of the olf organs takes place (Vernooft 1928, 
1987). During pert of this complicated process milipedes sre 
completely helpless and immobile, and many pass through it in 
molting chambers which they prepare. 

Orthomorphe gracilis molts seven times; each time definite 
numbers of somites, from one to three, and legs, from two to five — 
pairs, are edded. The new somites always appear between the anal 
somite and the somite lest formed, and the new legs are added to 
the somites immediately poeterior to the somites slresdy bearing 
Legs. 

In deseribing the molting of Crthomorpha grecilis the suthor 
will follow the terminology which Verhoeff (1937) used in des- 
eribing the molting of Bhinoerinus nettereri, a species of the 
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suborder Spiroboloidea. Verhoeff stated that there are the 
following four phases in the molting process: a preparatory 
period, a rigidetion period, an intermediate period during 
which actual shedding of the exoskeleton occurs, and a recovery 
period. 

During the preparatory period Orthomorpha grecilis larvae 
hollow out cavities in the substratum and "plaster” the walls 
with particles of soil and ergente matter which they ingest and 
discharge from the anus. A molting chamber is somewhat flet- 
tened, roughly round or elliptical, and about the length of the 
larva that makes it. 

After the completion of the molting chamber, a larva enters 
the period of rigidation. The sternites are pushed far apart so 
that the integument between them is visible, and the body length 
is about 15 per cent longer than it is at any other time during 
that particular stadium. Reneues of internal pressure the mouth 
parts protrude, the head bends sharply ventrad, vulvae and gono- 
pods turn laterad, limbs stand out motionless, and the larva lies 
on one side in a loose spiral. The color of a larve of one of 
the later stadia changes during this period from amber to cream 
tinged with pale red. This loss of color is due to the fect that 
the inner layer of the 014 exoskeleton is being dissolved 
(Verhoeff 1926). If a larva is touched during this period there 
is no museuler response because @ histolysis of the muscles that 
move the exoskeleton is in progress... Near the end of this period 
@ leg bud-appears for each additional leg that the millipede will 


have after molting. It is possible to see the new somites 
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through the thin, clear exoskeleton that will soon be discerded. 
The intermediate pericd, when the actual shedding of the 
exoskeleton occurs, is shorter than any other phase of the molting 
process. Internal pressure splits the exoskeleton horizontally 
between the collum and the heaé and longitudinally along the mid- 
ventral line. This pressure is the result of tne swollen body 
ané of greatly inereaseé respiratory and heart movements; it 
slowly forees the exuvae off the body dorsally and leaves the 
lerve white, moist, and wesk, vith the body coiled and the legs 
and antennae turned backward. 
-In the recovery period that follows, the only activities 
seen at first are heart best and respiratory movements. Soon 
& larva slowly bends its legs and antennae, and within three or 
four hours efter molting it begins to crewl ebout inside the 
molting chaxber. A lerve usually édevours the exuvee eithin three 
or four days, and severel deys after molting it cats & passage- 
way out of the molting chamber and emerges, still conspiciously 
white and somerhat soft. 

: The first molt differs from 911 of the others in that it is 
the shortest one end it does not teke plece within 6 molting 
Ghember, but at the place where the almost immobile lerva hatched 
from an egg. Abcut twelve hours efter hatching three pairs of 
leg buds can be seen on each isrve, and six to twelve hours 

‘later the thin exoskeleton splits Just behind the head and the 
_ larva of the secon¢ stadium slowly emerges. 
When the time for the second molt approaches larvae have 


become active, crawled away into crevices in the soil, and 
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hollowed out for themselves tiny disk-sheped chamber that just 
fit their curved bodies. 

With each succeeding molt the chambers are larger and more 
earefully constructed and the molting period is longer. In the 
greenhouses, molting larvae of the second through the fifth 
stadia were found in the greatest numbers in chambers one to 
two centimeters below the surfece in lumps of fine loem. Al- 
though sctive larvae fed largely on manure where there was an 
Opportunity, they were rarely found in molting chambers in 
manure. Nolting larvae of the sixth end seventh stadia were 
observed at depths of from three to eight centimeters in loose 
soil. In the lsboratory, molting was easily observed if the 
individuels were placed in flesks or finger bowls vhieh econ- 
tained a layer of soil from one-helf to two centimeters in depth. 
Under such conditiona the lervae often eonstructed their molting 
chesbers on the bettom of the conteiners and the molting process : 
could be seen through the glass. At no time vere molting chanbers 
of the hothouse millipede found on top of the soil where some 
other polydesmids construct theirs (Verhoeff 1928). 

The time required for molting between the fifth and sixth 
Stadia was 10 days; the prepsratory period Lested 2 days, the 
Pigidetion period ¢ days, the internediate period ebout 6 hours, 
and the recovery pericd 4 days, The molting process bstween 
the sixth and seventh stadia lasted 14 daya, and between the 
seventh and eighth stadia it lested about 20 days; the division 
into periods wes similer to that of the molting process between 
the fifth and sixth stedie. If the molting chamber was de- 
stroyed early in the preparatory. period the larvae constructed 
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enother. Three molting chambers of a larva of the seventh 
stadium were destroyed; each time the larva built another chan- 
ber; finally, after the preparatory period hed been prolonged 
from the usual 4 days to 10, the larva passed into the rigids- 
tion period on the surface of the scil. 

There was no difference in the time required for lervae to 
molt et 29° to 31° c ane 12° to 20° c. Larvae in the sand did 
not construct molting chembers et any temperatures, nor ¢id they 
in loam and leafmold st a temperature of 3.5° Cc. 

Larvee of the sixth stadium that were kept at a temperature 
of 3.5° ¢ did not molt. Three out of SO entered the rigidetion 
stage but did not construct mclting chambers. Thirty per cent 
of &O larvee of the sixth stadium kept st temperatures between 
29° and 31° ¢ molted vithin 40 days efter the beginning of the 
experiment. Fifty per cent of 60 lervae of the same stadium 
thet were kept at temperatures between 12° and 20° © molted. 
Thirty-eight per cent of those kept on loam, 10 per cent of 
those on sand, and 36 per cent of those on leafmold moited. The 
percentages of sixth inster lervae thet molted in leafmold, loan, 
and sand at 3.5°, 12° to 20° c, and 29° to 31° ¢ ere given in 
Table 11. None of the 25 larvee of this stadium thet were in 
outdoor cultures in the Duke Forest between October and March 
molted. 


Behavior 


Hothouse millipedes are negatively phototrophic, but this 


response is not strongly developed because they come to the 
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surface of ecil to feed in subdued light. In greenhouses they 
are most sctive at night. The immotile larwae of the first 
stedium meade no response to light stimuli. Larvse of the second 
stecium remained on the surface of the soil for two or three days; 
after that they moved into subdued light in crevices of the soil. 

Agults thet were placed in @ narrow beam of Light turned 
away from it, showing no preference for the right or the left. 
When the left antenna was removed the millipede turned to the 
left to get out of the ray of light, and vice versa. then both 
antennae were removed, the millipede moved either to the right 
or to the left to get out of the ray of light. 

When in motion, hothouse millipedes keep their antennae 
archeé and conetantly moving; they touch the substratum in front 
with the tins of the antennae as if testing 1t before proceding. 
When feeding or burrowing, the antennae are turned back laterally. 
If the antennse are touched lightly, the millipede quickly re- 
moves them from the source cf the stimulus and turns in the 
opposite @irection. 

Touching the éo reurs and the legs with a needle did not pro- 
duce the “spiral reflex," but it usuelly caused the millipede to 
move if resting or to change the direction of its course if 
moving. The spirsl reflex was uswtlly caused by rough handling. 

When turned over on the dorsal surfece the millipeée began 
wriggling and moving the legs in an effort to right itself. The 
head and anterior end turned over first and posterior parts 


slowly followed. 


Wh nat "aly wie ‘t oe 


i Le. 


tare BaN 


Cah Seve’ 


BAM ey 


eK mk ue 
nies se 


eazy 


<li wdle on j 
abe a ft, 


“hee G wns v ? new dome Soe’ tobe 


\§ 
, 

’ 

a 
5 


120 
Hothouse millipedes in srall containers with other milli- 
peges, chilopods, spiders, insects, and isopods never showed 
any feer or agressiveness. In the greenhouses several to many 
millipedes were often found eOllected within ea smell radius; 
such aggregetion indicated the presence of ea favoreble feeding 
site rather than a gregericus. instinct. 


Pood Habits 


MeDaniel (1951) reported thet Orthomorpha gracilis is a 
serious problem in forcing houses because it eats tender shoots 
ané roots of plants. Specimens were reesived from Sanford, North 
Carolina, where they were reported to be injurious to trees. 
Workers in three greenhouses in Durham, North Carolina seid that 
they did not believe thet the hothouse millipece injures living 
plants. | 

In laboratory experiments Crthomorphe gracilis ete no Living 
Plant tissues. Larvee of the sixth stadium and adults at labor- 
atory temperatures did not eat fresh lettuce or sprouting beans; 
their loss of weight curing 12 days when those two plants were 
offered as food was as greet as thet lost by control millipedes 
under similar conditions but without fresh lettuce or sprouting ! 
beans. 

The amcunts of loam, leefmold, and manure that larvae of the 
seventh atadium ang edults ate when subjected to two ranges of 
tempereture are given in Table 12. 

All of the millipedes used in this experiment were taken 


from the same stock culture in the laboratory. When allowed to 
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feed on manure, leafmold, and loam 24 hours st temperstures 


from 29° to 31° C, facces from 10 larvae were 92.4 per cent 

of the body weight; from 10 adults faeces were 47.4 per ak 

of the body weight. At teuperatures from 12° to 20° 6 faeces 
from 10 lervee were 52.8 per cent of the body weight; from 10 
adults faeces were 36.1 per cent of the body weight. The mean 
percenteges of the weight of faeces from 20 larvae and adults 
fed on manure was 60.7; on leafmold, 65.4; and on loam, 46.5. 
No faeces were produced by either larvae or adults et & tempera- 
ture of 3.5° c. None ete the fruiting bodies of basidionycetes 
or moist, decayed wood at laboratory temperatures. They some- 
times ate wet filter paper wien loam, manure, or leafmold was 


available. 


Toleration to Verlations in Humidity, High end Low 
Temperatures, and Submersion in Water 

At heated laboratory temperatures hothouse millipedes died 
within 15 hours after they were put into jars in which the 
relative humidity values were 0 and 14 per cent; at humidity 
values of 32 and 65 per cent they died within 20 hours; at hu- 
midity values of $1 and 76 per cent they died within 23 hours; 
at 90 per cent they died within 50 hours; and at 100 per cent 
they lived until death resulted from starvation. Death occurred 
when the water lost was between 40 and 45 per cent of the total 
weter content of the body. 

When the millipedes were subjected to increased temperatures 


under relative humidity values between 0 and 100 per cent they 
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died at a temperature between 39° and 39.5° ¢. There was no 
apparent correletion between the lethal temperature and rela- 
tive humidity. 

Of 30 larvae of the sixth instar thet were subjected to 
a temperature of 3.58° C, 13 were slive after four wonths. At 
this temperature they remained motionless, but if taken into a 
werm room they began moving and eating within 15 minutes. Yhen 
these lervae and larvae of the seme stedium from cultures in a 
heated laboratory were subjected to low temperatures just long 
enough to freeze them quickly, they all reeovered; if frozen 
$0 minutes or longer, larvae from neither group survived. Adult 
millipedes reacted similarly to freezing temperatures. 

Orthomorpha gracilis adults lived frou five to seven days 
when submerged in water. There wes considereble eriggling dur- 
ing the first 10 to 12 hours; following thet there wes little 
movement except when they were taken out of the water. The body 
increased 20 per cent in length after five deys in water and 


appeared to be water soaked. 
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DISCUSSION 
Factors which Affect the Distribution of Myriapods 


In comparison with the speclelized differences of habitet 
requirements found among members of many other classes of ani- 
mals, the clesses of myriapoés may be said to have almost 
complete ecological unity. With but few exceptions, myriapods 
pass their lives buried in moist humus layers of the soil or 
among decaying vegetable matter thet serves as food for @iplopods 
and symphylens and furnishes small animals which serve as prey 
for ehilopods and a few diplopods. 

The outstanding requirement fer the existence of nyriapods 
is a continuous supply of moisture, not necessarily a reguler 
aupply, but one thet is never completely interrupted. The ex- 
istenoe of myriapods in the humus is evitence of moisture 
continuity of any leeslity. Since it ts impossible for myriapeds 
to extend their range over séreas where there is no accumulation 
of humus that can retain a continuous supply ef moisture, they 
afford unusually veluable sridenea regarding earlier extensions 
eof foreste or cther conditions that would detemaine thelr geo- 
@raphioal distribution (Cook 1911). 

The exoskeleton serves as the first line of defense against 


@esiceation. In chilopods, symphylans, and pauropods it is 
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largely of chitin; in diplopods it is composed of chitin and 
various amounts of calcium salts. Species that lack the pro- 
tecticn of 4 well chitinized exoskeleton are more definitely 
eonfined to areas where the husus layers in which they Live 
remain moist at all times. Such sreas are most commonly found 
in the tropics, and it is there that myriapods ere most abun- 
dent: end reach their greatest size. Smell forms, particulerly 
soil-inhabiting symphylens and geophilids, suffer quickly from 
desiccation when taken out of their moist habitets. Diplopods 
im which the exoskeleton is not heavily calcified, es in 
Polydesmus serratus, die from desiccation much sooner than 
species with heavily calcified exoskeletons, as Spirobolus 
marginatus. Species that suffer from desiccation readily 
normélly occur in logs cor in the A, horizon of the soil rather 
than in the 4, horizon. Savely (1939) suggested thet logs are 
important as hibernacule beceuse of their moisture content rather 
then the protection they afford at low temperatures. Spirobolus 
marginus occurs in logs much less frequently than Polydesmus 
serratus, Cellipus lscturius, and Otoeryptops sexspinosus, which 


are species in which Gesicestion occurs rapidly. 

During periods of drought suall myriapods may have an ad- 
ventege over large types, because minute enimels are able to 
crewl into small cracks and interstices, and thus take advantage 
of any moisture thet exists, even at considerable depths. Larger 
myrieapods in the same locality, elthough undoubtedly able to en- 
dure more exposure to ary air than smaller and more delicate 


types, are unable to reach small damp cracks. Thus the presence 
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of large bodied myriapoés, such es Spirobolus marginetus, in a 
locality indicstes a& continuously moist layer of humus near the 
surfsce. 

The presence of myriapods in the humus may be Limited by 
‘the nature of soil (Cook and Loomis 1928). Drying of the sur- 
face does not endanger their existence where conditions are such 
thet they can migrete to & moist subsoil. Clays and colloidal 
soils do not sfford sufficient protection, since they crack in 
érying; myriepods seek lower moist levels in the cracks and are 
often burieé in the soft mud when rains come. If myriapods do 
exist in regions of colloidal scils, it is because the humus 
layer is thick enough to holé moisture at all seasons. 

Myriapods exist in sereas characterized By wide ranges of 
Glimatic temperetures. They tave been collected from the arctic 
Circle tc the tropics and from sea level to the tree line of 
mountains (Verhoeff 1926, Attexzs 1930}. Single species often 
renge widely. Soil and humus temperatures do not often reach 
the extremes thet air temperatures co, sc a widely distri buted 
species lives under more nearly uniform temperature concitions 
than 6 similerily distributed enimel living in the air experi- 
ences. 

Feeding of adult diplopods and both feeding and development 
of lervee are inhibited or sloweé down by low temperatures. 
Verhoeff (1926) stated that certain German ¢iplopods completed 
their life cycle in two years in lowlands, while they required 
three years at elevetions 1500 meters higher. Crthomorpha 
gracilis larvae survived four months et a temperature of 5.5° G 
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without feeding or passing into the next lerval stedium; at 
. temperatures between 15° and 31° © feeding and éevelopment 

econtinued. This aiplopod passed through the seven larval stadia 
in o heated leboretory in as few es 148 deys; about « year is 
required at outesice temperstures at Durhan, North Caroline. It 
is probable thet at localities with shorter summers the length 
of the larval life might be extended over two or more years. 
The inability of this species to survive freezing temperetures 
for more than a few minutes suggests why ite northern distribution 
is limited to heated greenhouses. Other myriapods may react 
éiffereatly to low temperatures. During the winter of 1939-1940 
&@ sollection of myrispods wes made under a drift of snow 20 on 
deep, at a depth of & om in the soil, where the temperature was 
2.0° C; symphylens, geophilids, and Otocryptops sexspincaus were 
moving ebout ectively, but Parajulus sp. was ineetive. Chilopods 
in experimental cultures were more active at low temperatures 
than ¢iplopods were under similar conditions. Worgen (1939) 
stated that diplepods recovered after they were frozen in blocks 
of ice if they were thawed out slowly. Chilopeds cceur farther 
north in Aretic regions than diplopods do (Attems 1930). 

High soil temperatures mey limit the distribution of nyrie- 
pods. Cook (1911) reported that a diplopod, Crabainosoma 
fonticulorum, died if hel@ in the hand end exposed to the sun- 
light a few minutes. Larvee and adults of Orthomorphe gracilis 
éied between 39.0° and 39.5° C. Like many soil animals, myria- 
pods are unable to endure temperatures as high as animale that 


r.. . % . 
tek ’ 
be tit 
ms, 
» . yy 
1h oe | 
le Rye x ¢ 2 4 
i 6 ‘bee 
"Wh i Mf ae 3s :. 
we ve i PY ; 
Ages? 4 eer 
oo 4 sand 


° ik ‘ 
“ 
vi 
: we ~ 
. 4 
’ t r 
Be 
io F 
» =e . 
» af " re £ 
® ~~ € ad 
6a ead 
Lae é : 
ae i 
‘ 
' 
ig he ; 4 : 
= %- AVN + 
, Vath oy 
eb : 
a ad. 40a 


th wFY wo 
K ee 


i ‘isa’ ee UR Seas) Fok 


abaya ‘« ad J 


deat sigalg 20 seks x 


4 “ 
yee ast 
’ 
” b 
Y ¢ 
¢ 23 
- 
ee Se 
: Ys 
1% ‘ 
y a 
« ms 
Diont 


ogtae ido “ re et 


Pos ay C0 


uta” 


% 
= 
- 
* 
oi 
w 


y 

Pi: wae 
a 

‘* 

: 

kK we 
#4 

Wry 

7 

+ & re 

a. oe 


aie: 


Bins ” 


hs ee in Maas va te, ital 


ce Ts) 


Lay 


Pie 


4. nat Pete 
: Ci ¥ ® - 
n cee Meets By KK. 
‘ 
ee “ar os BPay -z 
es =! al ; Pay * oie 
cf d Pn lah ie 
: Py te petits ae | 
4 
~ by sme 2 eet wry 
i 2 as 
7 
a , “% 
ai 
. v 
F Lie lea * vivwv 
- , +e" ay, = 
JP. cierduas we: > 
en ri 
oe oa 
% . ee ° 
a vy 1o wrt & ait 
7 id 7] ’ o 
& 7 ad & “ 
3 tat. k 
’ ¥’ 
‘ Hey he + poeg iD Land 
1p Jw o< Ose Pia oie hk 
| tae Bes ; I #0 ih 
* m4 LA ee Domne! 
+ “— — o4 * * 
ya \ ek a< 7 a 
r 4 * 
- . a 7 ei Ay sy 
+ 
- oh 
ita tah rs Pa ” 
ae istoe 
2 
bi» d50 ours 
"i ~~ whee x =! ef, 


sono 7— 


“ 
ne 
i 


Ory 
- * 


88 ha» 0.8 oe 
al at, 


4 


127 
live in air. 
Large diplopods are especially numerous in the nduateine 
of North Carolina; the highe st average reinfoall and the richest 
deciduous forests in the state are there. The conditions that 
result from the combination of these two factors provide a faver- 
able locality for humus-eating myriapods. The sandy costel plein 
proved to be poor in myriapods; the plant cover, chiefly long- 
leaf pine and scrub oak, and the sandy soll are net the right 
combination for the production eof a good humus leyer. Geophilids 
were most numerous in collections from thet region; these chilo- 
pods are small enough to burrow into deep, moist crevices of the 
goil. at intervals in the eccstal plain there are remnante of a 
former luxuriant type of plant eover that wes formerly charae- 
teristic of thet area. Collections from such a site near Lake 
Waccamaw included large species thet also occur a the pledmont 
- region and in the mountains. 
Relative humidities of less than 100 per cent sre fatal 
for many humus animals (Davis 1928, Savely 1939). Fidler (1936) 
showeé thet the larvae of a soarabicd bettle not only require: an 
atmosphere of saturated humicity, but thet they must Lie on soil 
thet ecnteins more water than would be necessary to mointeain 4 
—s saturated humidity in soil air. ges and second instar lervee 
of Orthomorphe gracilis failed toe develop in chambers in which 
the relative humidity was theoretically 100 per cent, but when 
they were put on wet filter paper under similar conditions they 
continued to develop. iggs of some myriapods heve a tougher 


ehorion than those of this species, and may be less susceptible 
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to desiccation. The larvae of all, however, ere subject to 
éesiccation by reason of their seall bodies end thin exo- 
skeletons. This problem is overcome in the geophilids by the 
egg being depositeé deeply enough in the soil for the soil air 
to be saturated. Species that stay nearer the surface, as 
Spirobolus merginatus, Folydesmus serretus, and Fontarie sp. 
sonstruct brooding chambers or coccons from which the lervae 
ao not emerge until after the first two or three Larval stadia 
are passed. Centipedes, especislly Scolopendra woodi move 
about with the eggs and lurvae adhering to their bodies, and 
presumably carry them to situations where optimum humidity con- 
Gitions prevail. 


The Influence of Hyrispoés in Soil 


Myriapods pley two different roles in the soil. As car- 
nivores they are of little evident economie significence. As 
herbivores meny species are important in soil formation; a few 
attack cultivated plants and cause varying smounts of demage. 

The food habits of pauropods are unknown. These myriepods 
ere so small and eppear so infrequently thet elmost nothing is 
known about them except their morphology. If morphology be 
accepted as @ criterion upon which to judge probable food habits, 
then the Pauropodidse, with long, roundeé bodies, long legs, and 

agile movements, ere predators on microscopic humus animeis; and 
the Furupeauropodidae, with depressed bodies, thickened cuticle, 


Short legs, and slow movements are scavengers. 
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The long bodies, long legs, and agile movements of syuphy- 
lens enable them elso to prey upon microscopic humus aninsls. 

In addition, they cat soft tissues of living and dead plents. 
They sre sericus pests on plants in meny ereenhcuses and fielés, 
where they mey occur in numbers ec great that they cestroy crops. 
In nature they do not appear in such great numbers, nor do they 
é@o any epperent demage to living plants other than minute elgse 
ang fungi. Fredators, which are known to include centipeées and 
lerveae and adults of two species of beetles, predably ect as é 
eheck on the incresse of the syzphylan populetion in nature; in 
cultiveteé fielés these naturel enemies are generally absent. 

Chilepoés, with their long bodies, long legs, seile move- 
ments, and poison claws, are well-fitted to prey upon humus 
animals. They are known to capture and est other chilopods, 
symphylens, soft-bodied insects, worms, mollusea, spiders, end 
occasional salemendéers and lizarés. 

With but few excepticns, diplopods are feecers upon cecaying 
orgenic matter. Among the exceptions ere a few species Known to 
be predators on humus enimals; ea few occesionelly ettack culti- 
vated plants, but never in such ¢rest nunbers or with sueh greet 
econcmic loses as symphylans. Diplopods ehich obteia ell of 
their nourishment from soil ingest large emounts of it beesuse 
the nutriments in the soil eaveilable to them cecur in smell 
emounts. Gometines they mey ingest as much as teo or three times 
their own body weight daily. Beeceuse of this, diplopods probably 
rank seconé to serthvorms in soil formation, but their importence 
68 such has not been adequately recognized. Their work is ebiefly 
mechanical; it consists of grinding organic matter and mineral 
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soil and tunneling through the soil. Indirectly they also effect 
the soll chemically, since some chemical action takes place when 
the soil constituents pese through the digestive system, and 
their bodies, upon decomposition, contribute to the orguniec 
matter in soil. 

Coville (1913) called attention to the work of diplopods 
in soil fometion. He estimeted thet edults of Spirobolus margi- 
natus eat 0.5 ce of leef letter eech day; the pepulation thet he 
founé in a locality near Washington, D. C., woulé thus contribute 
to the formation of more than 2 tons of leafmold per acre 
annueliy. Heimberg (1933) end Remell (19236) reported that 
several species of the genus Fontarie produce significant snounts 
of detritus mull in some loeelities. Homell (1956) found thet 
om @ sunny slope in @ pine-heréwood stand in the Adirondacks 


lumps of excrement from Fonteris trimeculeta formeé a consider- 


ebdle pert of the 6 em H-layer of the sell. The Lumps, which 
were from &¢ few millimeters te severei centimeters in Giemeter, 
eontained fregments of hyphse, other organic detritus, and 
mineral grenules; their average organic matter content was 27 
per cent. Berheim (1931), reportec similer significant activi- 
ties of European ¢iplopcds in soil fcrmation. The emount of 
organic matter and soil ingested by Orthomorpha gracilis varied 
from dey to day with the kind available, the temperature, the 
meturity of the millipedes, and with the individuals; lervee at 
temperstures from 29° to 31° C ingested more crgenic aatter and 
scil then adults at the same temperatures cr larvae snc edults 


at lower temperatures. Spirobolus marginetus showed siniler 
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variations in the emount of organic matter ingested. It is 
suggested that such variations are typical of soil-eating diplo- 
poda in general, and that their value as soil formers varies 
with the nature of the substratum, its temperature and moisture 


content, the species, end the maturity of the individual. 
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1. Myriapods were referred to as Julus (=Diplopoda) and 
Seolopendra (zcChilopoda) from Aristotle's time until Latreille 
designated several genera in 1617. 

&. During the eighteenth and nineteenth centuries myria- 
poés were classified by various authors with worms, arachnids, 
and crusteceans, but most often with insects. 

3. At the present time many authors regard myrispods as 
composing four distinct clesses, Fauropoda, Symphyla, Diplopoda, 
and Symphyle, of the Phylum Arthropoda. 

4. A key 1s given for 96 species of myricpods that are 
Peperted to oceur in North Garoline. Three species are sym- 
phylans; 45 are diplopods; and 48 are chilopods. No pauropods 
have been collected in the Southeastern States. 
| 5. During 1939 and 1940 eleven species of previously unde- 

scribed myriapeds were collected by the author in North Caroline. 
{wo were symphylans, six were diplopods, and four were chilopods. 

6. In the buke Forest chilopods are more evenly diatri buted 
than diplopods. During the day chilopods are most numerous in 
the Ag horizcn of the soil and @iplopods are most numerous in the 


A, horizon. 
%. The only type of stand in the Duke Forest where myrie- 


3 pods do not normally occur ere floodplains that are ingundeted 
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too frequently to permit litter to sccumulate. 


8. In the Duke Forest in Cetober, November, and Dinmabens 
1938, the greatest nuuber of myriapoeds was collected from quad- 
rate in whioh the moisture percentage of the oven dry-weight of 
the Aj horizon of the soil st « depth of & to 7 em was between 
Si and 40. Quadrats in which the tempersture of the A, horizon 
at a depth of 5 om was between 12° and 14° F yield“more myriapods 
than any others. The averege number of myriapods collected from 
quedrats in pine, upland hardwood, and pine-hardwood stands were 
about equal, while the average number collected from quadrats in 
bottomlend hardwood forests was four times as great as from any 
other kind of forest stands. 

9. In cultures of syriapods in the Duke Forest, detween 
December end April specinens of Spirobolus marginatus showed a 
preference for the A, horizon of the soil; Cellipus lactarius 
and Polydesmus serratus occurred most frequently in the A, hori- 


zon and in or under logs; Apheloria coreacea and Fontaria sp. 
usually occurred in the upper 3 om of the Ay horizon; Orthomorpha 
gracilis larvae ocourred under logs, in the Ag horizon, and as 
deep as & om in the Ay horizon; and Otocryptops sexspinosus 
occurred in logs, in the 4g horizon, and as deep os 12 om in the 
4g horizon. : 
10. Of the myriapods tested, Spirobolus marginatus was most 
resistant to desiccation and Polyéesmus serratus was least re- 
sistant. Cambale annulata, Callipus lecterius, Orthomorpha 


gracilis, Otocryptops sexspinosus, and Linotenis fulva were in~- 
termediate. Death from desiccation oecurred when approxinetely 


60 per cent of the total weter content of the body was lost. 
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: ll. Orthomorphea grecilis. 

(a) Adults end larvae are present throughout the year in 
greenheuses where a temperature above 22° © is maintained and 
during summer and fell monthke in the open at Durhan, forth 
Garolina. Only larvee cecur in the open during the winter and 
early spring months. 

(bo) Adulte breed throughout the yeer in greenhouses where 
& temperature above 22° © is maintained. 

(ec) The ineubetion period of eggs at heated room tempera- 
tures is approximately i0 days. 

. (@) Larvae pass through seven stadie, which can be éis- 
tinguished by differences in body size and numbers of post- 
- gephalic somites and pairs of legs. 
(e) At all stedia from the fourth through the adult 
females sre larger and have one more peir of walking legs than 
meles. 
(f) The duretion of each stadium increases suceessively 
from the first, which lasts spproximstely 24 hours, through the 
| seventh, which lests 60 or more dsys at heated room temperatures. 
. (g) The transition ef larvae from one stedium to the next 
| is accomplisheé by ananorphie nolts, during which additional 
post-cephalic somites and legs sre adéed. The second through 
theseveath’ molts take place in molting ehembers constructeé in 
soil by the larvse. 

(h) The molting process consists of the following four 
phases: preperatory, rigidation, actual molting, and recovery. 


The time required for molting at heated room temperatures in- 


Greases with each succeeding molt from approximately three to 
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six hours for the first to 20 days for the seventh. During 
the fourth molt the preparatory period lasts 2 days, the rigida- 
tion period 4 days, the actual molting 6 hours, and the recovery 
period 4 deys. Larvae usually eat the exuvae during the re- 
covery period. 

(1) Five specimens passed through the seven larval stadia 
in from 146 to 177 days at heated room temperatures. Exposures 
to low temperatures lengthened the larval life. 

(j) The sex ratio of 630 individuals was 3 males to 4 
females. 

(k) The high lethal temperature is between 39.0° and 
39.59 © at relative humidities between 0 and 100 per cent when 
the increase in temperature is at the rate of one degree centi- 
erede in five minutes. Quick freezing temperatures over periods 
longer than ten minutes are fatal. 

(1) Adults and larvae of the seventh stadium dieé within 
30 hours at humidities of 90 per cent or less; et a humidity of 
100 per cent they lived until cesth resulted from starvation. 

{m) Adults survived submersion in water from 5 to 7 deys. 

12. The chief factor which influences the distribution of 
myriapods is the presence of moist humus. 

13. Many diplopods are important in soil formation by 


and 
reason of their grinding,mixing soil and organic matter. 
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(continued). 
The genera of Lysiopetalidee. Ibid. 29:1017-1019. 
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Proc. U. 3. Nat. Zus. 16:59-62. 


An arrangement of the Geophilideae, « family of 
chileopoedsa. Ibid. 18: 65-75. 


On certain Geophilidee described by Meinert. Amer. 
Nat. 30: 239-242, 


The segmentel sclerites of Spircbolus. Ibid. BW: 
535-335. 
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Cook, 0. F. (continued). 
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First contribution to a knowledge of the yriapoce 
of Kansas. tashburn Lab. Hat. Hist. 4:143-145. 
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Explenation of Figures 1, 2, and 3 
Figure 1. Uiagran eh the ancestry saints 
aprialeko, after iain sais (i oring ¢ 


Figure 2. Diagren oa ancestry and ) 
nyriapoés, after Verhoef (1925) 


Figure 3. Diagran rene ci Mw ancestry and 
myrispods, efter Snodgrass (1 
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Explanstion of Figures 4 through 20 


Figure 4. Euryurus erythropygus (from Williams and Hefner). 
Lateral view of eient gonopod. 


Figure §&. Seytonotus ateaulstus {from Williems and Hefner). 
Median view of right gonopod. 


Figure 6. Brachydesmus dux. Kedian view cof left gonopod. 
Figure 7. Polydesmus serratus (from Williems and Hefner). 


Seater 


Median view of ieft gonoped. 
Figure &. Leptodesmus hispldipes (after wood). Gonopod. 


Figure 9. Zineria virginiensis (from Williews and Hefner). 
Posterior view of right gonopod. 


Figure 10. Apheloris coriacea (from Williems and Hefner). 
Posterior view of right gonopod. 


Figure 11. Apheloria aspile (from Chamberlin 1939). Submesel 
view of right gonopod. 


Figure 12. Apheloria tigane (from Chamberlin 1939). Submesal 
view of right gonopod. 


Figure 13. Apheloria unake (from Chauberlin 1939). 
‘Subeephalic view of right gonopod. 


Figure 14. <aApheloria waccamane. Lateral view of gonopod. 


Pigure 15. Sigiria seorpio (from Chamberlin 1959). Gaudo- 
ventral view of right ae | 


Figure 16. wisonie munée (from Chenberlin 1959). Caudal 
view of right gonopod. 


Figure 17. Sigmoria munde (from Chamberlin 1939). fetel 
view of spur of principal b €. 


Pigure 16. Sigmworia ebberans (from Chamberlin 1939). 
Anteromesal view of tert gonopod. : 


Figure 19. Sigmorie conclusa (from Chemberlin 1939). Sub- 
caudal view of right gonopod. 


Figure 20. Sigmoria conelusa (from Chamberlin 1939). Caudal — 
view of right concopod. 
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" Explanation of Figures 21 through 38 


Figure 21. Sigmoria divergens (from Chamberlin 1939). Suab- 
caudal view of right gonopod. 


Figure 22. Siguorie sivergens (from Chamberlin 1939). Eetal 
view of left gonopod. | 


Figure 23. Sigmorla mariona (from Chamberlin 1939). Sub- 
eaudal view of right gonopod. 


: o 
Figure 24. Signoria mariona (from Chamberlin 1939). Ketel 
view of base of principe ace of gonopod. 


Figure 25. Mimuloria ducilla (from Chemberlin 1939). Right 
gonopod. 


Figure 26. Aporiaria carolina (from Cheanberlin 1939). Right 
gonopod. 


Pigure 27. Aporiaris geniculeta (from Chamberlin 1939). 
Right gonopod. 


Pigure 28. Parjulus cenadensis (from Williams and Hefner). 
Cephalic view of gcnopods. 


Figure 29. Parsjulus impresesus (from Williems and Hefner). 
Cephalic view of gonopods. 


Figure 30. Parajulus pennsylvanicusa (from #illiems and 
Hefner}. Cephalic view of gonopods. 


Figure 31. Diagram of the labrum of Agathothus aes the 
relatively large median piece is armed with @ fringe o or 
one and the suall lateral pieces are unarmed (from Chamberlin 
1912). 


Figure 32. Disgran of the lebrum of Arenophilus wat &, 
which consists of a relatively swell median plece ond Large eral 
pieces, which are armed on the free edge with many spinescent pro- 
cesses (from Chanuberlin 1912), | 


Figure 33. pSethothus sracilis (from Chamberlin 1912). e.Dor=- 
sal view of anterfor portion. b. One prehensor with pert of proste av 


Figure 34. UOiagram of one prehensor with part of prosternum; fa 
the toothed claw 1s characteristic of members of the genus Linotenia. 


Figure 35. Geophilus rubens. One prehensor with pert of 
prosternum. 


Figure 56. Arenophilus watsingus (from Chamberlin 1918). 
Ventral view of anterior portion. 


Figure 37. Lithobius forilestus (from Attezs 1930). Ventral 
view of posterior Sortion of female. A-anal leg; C-coxal pore in 
coxe of anal leg; G-gonopod; P-ventral plate of pregenitel somite; 
S-veotrel plate of last leg bearing somite. : 

Figure 36. Diagrem of Lithobilid leg (from Williams and Hefner). 
In the formula beneath the upper row of figures dezignetes the dorsal — 
Spines and the lower row the ventral spines on the five leg segments. 
C-Coxe; F-femur; P¥-pre-feaur; T-trochanter; TI-tibla; Tl and T2-firs 
am second tarsi. 
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Explanation of Figures 39 and 40 


Figure 39. Graphs to show the numbers of myriapods collected 
in reletion to the temperature of the Aj, horizon of the soil at a 
depth of 3 cm. 


Figure 40. Graphe to show the numbers of syriapods collected 
in relation to the soisture percentage of the oven-dry weight of 
the Ay horizon of the soil at e depta of & - 7 
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Explanetion of Figures 41, 42, and 43 


Figure 41. Graphs to show the numerical distribution of myrie- 
pods in the four principal cover types in the Duke Forest. The 
average number of myriapods per quadrat wes teken from @ll of the 
quadrats in stands of a particuler cover type. There were ten quad- 
rats in pine-hardwood (P-H) stands, five in uplend hardwood stands 
beth four in pine (P) stends, ané-three in bottomlend hardwood 

BH) stands. 


qigere 42. Graphs to show the average numbers of —4 ds 
end treerets per quacrat in the 4g horizon, or litter, t 
S011 in the four principal cover types in the Duke Forest. ¢ 
ehilopeds; Db, Diplopods; T, total number of ehilopeds and aiplo- 
poes; other letters refer to the forest stands that were listed 
abéve in the explanation of Figure 41. 


Figure 43. Graphs to show the average numbers of chilopods. 
ané ¢iplopoés per quadrat in the upper 6 em of the A; horizon of 
the soil in the four prineipal cover types in the Dube Forest. 
The letters refer to the same myriepods and forest stands thet 
were listed above in the explanations of Figures 41 and 42. 
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Explanation of Figures 45 through 51 


Figure 45. Orthomorpha gracilis. Lateral view of right 
gonopod (x72). 


Figure 46. Orthomorphe gracilis. Structure of the gnatho- 
chilarium; C-cards; G-glossa; L-lamella lingualis; Lo-lobes on end 
of stipe; M-mentum; P-paraglossa; S-stipes; St-sternum of first 
post-cephslic somite (x72). 


Figure 47. Orthomerpha grecilis. Sixth, seventh, and eighth 


articles of antenna; S-sensory spine (x78). 

Figure 48. OQrthomorpha gracilis. Structure of a walking 
leg; C-claw; Co-coxa; F-femur; Po-pos femur; Pr-prefemur; T-tarsus; 
Ti-tibiea (x36). 


Figure 49. Orthomorcha grecilis. A larva of the first 
stadium (x72). 


Figure 50. Orthomorphe gracilis. A larva of the second 
stadium (x72). 


Figure Sl. Orthomorpha gracilis. Structure of a pre- 
mandible; B-basel plate; Saeotinets Tamellae; M-middle piece; 
P-rasping plates; T-main tooth; Ti-inner tooth. 
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Table 2 
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Percentage of Totel Water Content Lost by Six Specimens 


ef Spirobolus 


Verious ie 


at Va 


ous AU 


marginatus during Twenty-four Hour Periods 


are 


ties and Temperatures from 29° to 31° ¢ 


Original 


Weight Percentage 
Weight 24 Hour after of Water 
in Grems Period Exposure Lost Condition 
Humidity 96 Per Cent 
1.6300 1 1.6291 .08 alive 
2 1.5985 2.63 e 
Ke) 1.4651 9.75 ° 
4 1.4329 4.46 - 
5 1.3613 4.44 Vs 
6 1.3305 4.37 * 
7 1.2854 4.05 
& 1.2532 2.60 a 
9 1.2270 2.25 * 
10 1.2012 2.22 ” 
ii 1.1845 1.44 i 
12 1.1716 Lede ° 
13 1.1550 1.43 . 
14 1.1252 2.56 _ 
1S 1.0883 3.17 * 
16 1.0389 4.24 S 
17 0.7227 27.17 dead 
Humidity 80 Per Cent 
3.1068 1 2.8372 12.27 alive 
z 2.6420 ‘ sd 
3 2.2296 18.77 e 
4 2.0530 8.04 e 
5 1.8810 7.82 " 
6 1.7372 6.54 dead 
Humidity 60 Per Cent 
4.9450 1 4.4510 12.92 alive 
2 4.0483 10.55 " 
3 3.8170 6.06 
4 3.5790 6.23 " 
5 3.3052 7.17 ad 
6 3.1430 4.25 " 
vj 2.8140 8.62 ¥ 
8 2.6831 3.44 " 
9 2.5529 3.41 « 
10 2.4062 3.84 " 
11 2.1910 5.64 dead 
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Table 2 (continued) 
Humidity 60 Per Cent 


2.6072 
2.4255 
2.2192 
2.0973 
1.9622 
1.8460 


0.21706 
0.1866 


Humidity 15 Per Cent 


5.5798 
5.0640 
4.5156 
4.1675 
3.7701 
3.4526 
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Table 3 


Percentage of Total Water Content Lost by Five Specimens 


of Cambale annulate during Twenty-four Hour Periods at 
Various Humidities and Temperatures from 29° to 31° c 


Original Weight Percentage 
Weight 24 Hour after of Water 
in Grans Period Exposure Lost Condition 


Humidity 96 Per Cent 


0.2114 1 0.1934 12.6 alive 
| 2 0.1737 13.7 “ 
3 0.1627 7.7 * 
4, 0.1535 6.4 4 
5 0.1459 4.9 " 
6 0.1363 6.8 dead 
Humidity SS Per Cent 
0.4169 pe 0.3355 29.0 alive 
2 0.3089 9.5 ° 
3 0.2867 7.9 ad 
4 0.2677 6.8 " 
5 0.2507 6.1 dead 
Humidity 80 Per Cent 
0.3095 1 0.2473 33.3 alive 
2 0.2199 14.7 ° 
Ks) 0.1874 17.4 dead 
Humidity 60 Fer Cent 
0.2914 1 0.2468 22.1 alive 
2 0.2113 16.7 " 
3 0.1709 19.6 dead 


Humiéity 15 Per Cent 


0.2147 1 0.1814 25.8 alive 
2 0.1365 34.8 dead 
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Table 4 


oaeereee x3 a seer Seqrens Lost by Four Specimens 
of S lectarius during Twenty-four Hour Periods at 
varteas Pamiatties and Temperatures from 29° to 31° o 


: nel | Weight Percentage 
we t 24 Hour after of water 
in Greus Period Exposure Lost Condition 
Humidity 96 Per Cent 
0.1712 1 0.1459 25.2 alive 
2 0.1300 15.9 ° 
3 0.1149 15.1 dead 
Humidity 88 Per Cent 
0.2859 1 0.2373 27.0 alive 
2 ©.2003 20.5 ” 
3 0.1600 22.4 dead 
Humidity 80 Per Cent 
0.5220 1 0.2200 48.8 alive 
- 0.1485 33.9 dead 
Humidity 60 Per Cent 
0.353595 1 0.2365 45.9 alive 
2 0.1780 26.1 dead 
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Table 5 
Percentage of Total Water Content Lost by Six Specimens 


of Orthomor recilis during Twenty-four Hour Periods 
at Various cor €s and Temperatures from 29° to 31°¢ 


Original Weight Percentage 


Weight 24 Hour after of Water 
in Grams Period Exposure Lost Condition 


Humidity 96 Per Cent 


0.0573 1 0.0545 8.1 alive 
2 0.0535 2.9 ° 
3 0.0401 38.8 dead 
Humidity 88 Per Cent 
0.0630 1 0. 0468 43.0 dead 
Humidity 80 Per Cent 
0.0700 1 0.1549 27.9 alive 
2 0.0411 23.7 dead 
Humidity 60 Per Cent 
0.0905 1 0.0660 45.0 alive 
2 0.0395 48.7 dead 
‘Humidity 15 Per Cent 
0.0228 1 0.0078 89.8 dead 


Hunidity 0 Per Cent 
0.0375 1 0.0190 90.2 dead 


of. a Ba! .. ” > /9 vid 
oe eae hoe SE » 
a 4 Ps Fs 
rs M4 
Svs. 
SDA f 
hg | 


sisaathaate ae ee salen sand pau aT 
ahattst SeaH ahaeteraver: Coogi 
3 ots oy se aoe wsanin? ih seas 
ay : peo Ae 

swept 9 melt tania AU un Riba aes seme Wie ee 
oyat 199% < 


eyes tesov oO 
eielsacd.. Wha 


Oe ee Ae 


bias | $90 19% 88. ns 
site oe e280. f 
i 6.88 OO ai fn020 
tas) tt 8, sais cat 
Sow 6 Cee porte oe of 


aoe tw os wiht 


hea *@. im 
wees ae: 


divi Sp a6 > Cee, o 
Aes © vos 6220.0 


aoe) tof Of 99 foiearn 
Sam b & ei BFOG. © i 

drt ta% o uw 1b hiuil 
bow’ & 08 ‘00s. 9 


eh 


Table 6 176 


Percentage of Total Water Content Lost by Five Specimens 
of Polyée serratus during Twenty-four Hour Periods 
at Wtleue 7 es and Temperatures from 29° to 31° ¢ 


0 nal Weight Percentage 
Weight . 84 Hour after of Yater 
in Grans Period Exposure Lost Condition 
Humidity 96 Per Cent 
0.1420 1 0.1226 18.9 alive 
2 0.1661 55.0 dead 
Humidity S8 Per Cent 
0.1772 3 0.1066 §5.2 dead 
Humidity 80 Per Cent 
0.1893 1 0.1893 52.2 dead 
Humidity 60 Per Cent 
0.1762 1 0.1082 55.8 dead 


Humidity 15 Per Cent 
0.1875 1 0.0873 77.5 dead 
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Table 7 


Percentage of Total water Content Lost by Three Specimens 
of Otocryptops Soxspinosus during Twenty-four Hour Periods 
at Various Humicities and Temperatures from 29° to 31° ¢ 


Original Weight Pereen tage 
. Weight 24 Hour after of Water 
in Grams Period Exposure Lost Condition 


Humidity 88 Per Cent 


0.7616 x 0.6922 14.7 alive 
2 0.6415 10.7 * 
3 0.5915 10.6 * 
4 0.5335 12.0 dead 
Humidity 80 Per Cent 
0.8848 1 0.8164 15.9 alive 
2 0.7105 16.4 Md 
3 0.5906 18.6 * 
4 0.4645 19.5 dead 
: Humidity 60 Per Cent 
0.4205 1 0.3495 21.0 alive 
2 0.2786 21.0 sd 
3 0.1886 26.7 dead 
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Table 8 
Pereentage of Total Water Content Lost by To Specimens 


of Linotenia fulva during Twenty-four Hour Perlods at 
et Various Hunidities and Temperatures from 29° to 31°¢ 


Original Weight Percentage 
Weight 24 Hour after of Water 
in Grams Period ' Exposure Lost Condition 


Humidity 80 Per Cent 


2 0.0250 27.1 8 
3 0.0157 29.4 dsad 
Humidity 60 Per Cent 
0.0700 1. 0.0486 40.2 alive 


2 0.0277 59.2 dead 
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Table 9 


-° The Numbers of Each Sex of Orthomorpha cracilis in 
Collections Hede Jan. 23, Feb. 6, an eb. 27, 1940 


Adult Seventh Stadium Sixth Stadium 
Male Fen. Male Fem. Male Fen. 
13 16 43 52 10 17 
11 20 14 20 ~ - 
63 106 73 83 46 46 


Total 87 156 150 155 56 65 
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